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genita with the psychoses. In the first generation of the fami] 
described, the ‘two disorders indeed co-exist in the same "per 
in the second generation there is a clear-cut segregation of 
disorders, each becoming associated with a definite physical 
person; three individuals of a certain type become affect 
Thomsen's disease, and the other three, of a different physic 
become affected with psychoses. In thethird generation the p 
as well as the physical type associated with it, are eliminated. F 
types appear, each represented by one individual who has i 
from a respective parent, not a blood-relation of the affecte 
that parent's physical type and normal constitution. The re 
. members of the third generation are all of the myotonic ty 
second generation, and they are all, with the possible excepti 
who has not been studied; affected with myotonia. 
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iher minute or two, and she was quite normal again. Ever since then 
3 been subject to such attacks whenever suddenly exeited or surprised 
? writer witnessed one of these attacks in the patient's house.’ Tt 
xd when an attempt was made to test the electrical reactions of her 
s under rather disagreeable circumstances. On previous occasions the 
vical and electrical tests had given negative results. On one suel 
in an ice-pack was applied to one of her upper limbs in order to ascertain 
w the chilling of the extremity would have the effect of manifesting th 
aie reaction. Mechanical stimulation produced indeed weakly positive 
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very ' “nervous ' woman all her life AISI e is sul: bo: attacks of profound 
- ^ depression, alternating with states’, frin br just | like mother.” She 

“has, besides, attacks during, which he AE le hes . Gold and numb, especially 

at night, irrespective of the ‘sutroun. ng teni] idet ö 

T3 She has never had any muscular troul..c 

. Electrical and mechanical tests of hex 11 i les ө negative results. 

- The-second member of this group is Wilien L junri, aged 36. Weight 
145 lb.; carpenter by trade. In apbear.ına bo > pry much like his sister 
Lara —, of medium stature and bhild, wit: x :. «' olive complexion, dark- 
chestnut-colouréd hair and deép bh eyes Hie: riedi twice and has two 

А children, one by each wife. І Н 
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Two or three times a year William has sr, de ne vousness ” of about 
two weeks’ duration. Düring these attach ne + out of his mind "—does 
not “work, wanders about aimlessly: and tells po ‘de ‘and quite incoher- 
ently, repeating the ‘same. sentencesiove. ail ove: again. . During 8 recent 

. attack. he appeared - at his sister Louise’s ini -s tónico of about five miles 
..—at 8 o'clock in the morning. ‘Hé shows no n : „ney, to commit violence 
^ during, these periods of disorientatidn. In iho эз. i intervals he is @ good, 
steady workman and a devoted husbe nd and tait cs Л 
` He has never had: any muscular tro iblo, an отба and mechanical 
tests of his muscles révealed nothing- bonor nic ieo | 
. The third member of this grouplis Hai |. ed 23. Weight 150 Ib. 
Unmarried and a clerk. by professi n. |n огуну doe he is like the two 


“preceding members of this group, hi Ving the sui solour of the skin, eyes 
‘and hair. ‘: ME ee. 










He suffers from.‘ "General. ‘nervou nee. ` e pene . dal feeling of uneasiness 
“in the presence ‘of people, a sense of Ме lits, M 8. shy and awkward in 
‘all things. He has had headaches as long ar de ha remember. He has 
refused profitable employment for the: last esihe ‘aths,| [being held back by 
‘some power for which he cannot segoun, awl te ‘трей. suicide in a fit of 
despondenéy- "I strive for the higher'thung- in: but T cannot get a move 
on myself toward their “attainment: I bave no n UR I! cannot put myself 
forward. This ‘makes me at all times] down- nra bed md. at times despondent. 
. Tam just like mother used to be. uci)» tli de he way I speak the kind 
of a ёһар І am.” One could indeed, to и certain « ‘eng, | His speech had a 
 pásidisily slow ‚quality, which ap ed so be du ot to any defect of the 
motor: apparatus of speéch, but to: onb of the ient (d pro sses corresponding 
to. ib. His responses were hesitant, gif nom «t : -änxiety to say exactly 
‘the right thing while labouring under ihe COUGH бав ne was about to say 

exactly the wrong thing. . pa E b- 
' He has never had’ any muscular йе ИШЕ trical and mechanical 
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| 7 THE титар GENERATION. 
This generation i is represented by ben children, as follows: — 


. Herbert, of the myotonic group, has two children. Both resemble him in 
appearance, and the elder, who was examined for myotonia, was ‘found to 
have it. The other was not examined. 


Sarah E. M., of the myotonic group, has one child. In appearance this ". 


child resembles the father, who is not a blood-rélation of the’ ersehen family, | 


„апа he has neither muscular nor mental frouble. 


trouble. = 


| 


‚ Louise,. of the same group, has five children. Four out of the five are of 


TER mother’s physical type and are affected by myotonia. The fifth, a girl, 


resembles her father, who is not a blood-relation of the ln Like her - 


father, the girl is in every respect normal. 


Laura and Harry, of, the border-line psychosis group, have nó children. | 
William, of the same group, has two. They were not seen by the writer, but 


according to information furnished by the relations, the children look like 
their respective mothers— William having been married twice and each of his 
wives having given birth to one child. Like their mothers, who were not 
blood- relations of the farnily, the children have neither BUSQUE nor mental 


The third generation, then, falls into їй groups: the normal and 
the myotonic. Of the five normal persons, two were examined, and 
one will suffice as an.example. It is Estelle (fig. 1, E), the oldest child by 
the marriage ‘of Louise and Frank W. She is 14 years of age, of a 


rather slender, athletic build. Like her father, the girl has a light olive. 
complexion, green- -blue eyes and red-brown hair, and presents neither 


muscular nor mental trouble. 


The ни Group. 
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Case:4.—Lorraine L., aged 7, is ‘the elder daughter of Herbert L. She 


resembles ber father in features, and in the colour.of.her skin, eyes and hair.: 


The child is well in every respect; her relations have not, noticed any 
muscular abnormality. t 


Examination showed her movements to be normal. ‘Mechanical and . 
electrical stimulation of her muscles resulted in a normal contraction suc-' 
ceeded by a slow relaxation. The myotonic phenomenon was particularly. 
marked in the right biceps and to a less degree in the other muscles of the: 
game arm. The result of faradic stimulation was in this тера more definite.. 


than that of mechanical stimulation. 
The tendon reflexes were normal. 


X 


In order to avoid repetition; the following may be said - respecting the four : 


easos of this group next to be described. All four, the children of Tonite W.,. 
have certain physical characteristics іп’ common. In appearance they all. 
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| шы their, mother, 88; ay Бе fari MARTOS uo t the fa ph” 
(fig. 1), in their facial eharacteristide/an.l in the вну, ‘of their 

‘and. their hair. ‚The ‘last; howeÿéi Fa tos nm ghail Ficodtaing 

‘of the younger members being of ‘al івы shade |. ai ‘that of the 

‘the mother’s hair is dark: brown, wh ile the егин 4 hair varies from a golden 
-brown in the older (Mildred), to #lsimp e ne 1 bam in the youngest. The 
` golden ‘quality, is said to be due to варь ur 7 чїйрїп; thé difference 
‘in shade, , however, the essential célour tie Su fin D is group, and is dis- 


tinctly, different from that of. the. 


о group- E hey &ll appear to have 
‚rather bulky: muscles, byt {деше 


t, in this tesp f "becomes difficult ian 
wt Ü 
Cate 5. Mildred W. ee 1; ja versa ad Sho’ was the first of the 


ч 
sories tò present herself for éxami in: htio ' S Mos готаз by her mother to 









the following history : = ; Wo i 

` The' teachers of the “public: selbst which she ‚ttonds complained to the 
. parents that the’ girl, though’. sen ible aui chah Ab, "Béhaved in & manner 
' which. introduced а ceftain amo s, ol disci le nto class discipline.’ She 
lacked ‘the.t necessary ‘promiptness of tion У À thellast to be on her feet 
‚when the order. was given for the Glass 10 115 de was the last to comply 
with the command of, the fenchér&: ори the pera 18 down on' the desk, or to 
oldge the books. Ordeked to. ‘recite ‘abe wis sent or d. number of seconds ; 
‘yet: Once she began, she proceedé "арос ids initial retardation was 
especially evident in -her physical exer. Bes À 'ape&téd . command, or one 
uttered in an angry voice, made m ster only sc - Hehe} í retarded even more. 


~Extiortation being of no" avail, the tac] Cris suspe E a ; physical or mental 
defect and informed thé parents., ^ ub 
^ ¿The mother furnished the follot ing date > j EE 

| Mildred is her second child, / ble was born a. T ‚after a prolonged and 
difficult: labour. whiéh was termina ed, however v Бой the aid ‘of forceps. 
‘The baby ‚weighed 7 1b. ‚ab birth’ an “aj: ремо at al i in every respect. She 







“was breast-fed; out. her teeth at Т: ionth-, sud гара’ "and ‘ “mamma” at 
10 months and began to walk at; Smonchs He d general health in child- 
hood : "WAS very good. . ‘She had ohi п. ps aad ve slosis and, at the age of б, 
diphtheria, without complications. 3 She hegin to ittend, school at the age 
of 5, and she fs b present in the | б. ( nnde, Gist anar School, which is the 
gie grading for her age. She: fn témensu tuted ee ago. 

‘Although tHe’ child began ` to 5 alk м; Fio mamal h eriod, it. was soon 
hbtioed by the parents “that she st bled and tell à Breat deal. Later it was 






noted that- she was reluctant’ ‘tof ri 
Urging abd:#colding on this point 
became ‘reconciled to the dondition: f 


ny “about with ilte other children at play. 
ving poenas jo-inbffeoti vo, the parents 
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command, nor to lack of desire on her part to fulfil it, but to & rigidity of the 
musculaturé involved, which supervenes the moment she attempts the 
particular movement. As a matter of fact the more anxious she is to carry 
out the movement promptly the greater is the rigidity which sets in, and the 
longer, therefore, is the retardation. Thus an angry or a repeated request on 
the part of the teacher, making her more anxious to comply, has exactly the 
opposite effect from that which is intended. Yet once the rigidity of the part 
wears ‚off, she performs the movement without any difficulty. What is true 
of her movements in compliance with a command, is true also of the move- 
ments initiated of her own volition. She has much difficulty in ascending the ' 
first flight or two of stairs, but once she has climbed these she can climb the 
rest without any difficulty. While she is sitting in a chair, her muscles are 
perfectly lax, but the moment she attempts to rise they become rigid, and 
the rising movement is, therefore, executed clumsily. While she stands, she 
' feels that her muscles are in a normal condition, but the moment she wishes 
to walk her muscles stiffen: After walking a few steps, however, the move- 
ments become normal. When she closes her eyelids tightly, she has difficulty- 
in opening them for a number of seconds. If she presses her tongue against 
the palate, she feels it become rigid. The first movements of flexion and 
extension of the forearm at the elbow, with the hand relaxed, are a little 
difficult, but the succeeding movements are easy. But if she attempts to per; 
form the same movements with the hand closed in'a fist, flexion and extension 
of the forearm become more and more difficult, until after a. few repetitions 
movement becomes impossible: the forearm remains semiflexed at the elbow, 
while the fingers half-open, and point in all sorts of directions in a grotesque 
manner from a contracted palm of the hand. ' l 

What is true.of movements initiated of her own volition is likewise true of 
those which occur independently of her will. Thus, when she is suddenly and 
unexpectedly pushed from ‘behind, she falls to the floor in a rigid mass. If 
she sneezes, her eyelids remain closed and she cannot open them for a time. 

The girl is large, very muscular and powerful-looking. Weight 121 Ib. 
All the subjective symptoms elicited on questioning were found to be true by 
objective examination, and need not be fepeated. The peculiar behaviour of 
the movements of flexion and extension of the forearm upon the arm, which is 
apparently anomalous in Thomsen’s disease, will be considered in the discus- 
sion as elucidating the mechanism of the abnormal muscular action. The 
reflex behaviour of the musclés was tested in several ways. The girl was 
made to sneeze (the administration of snuffing tobacco provided an excellent 
diagnostic agent) and her eyelids remained .contracted for thirty seconds; ' 
during which she was making strenuous efforts to open them by the action of 
the frontalis muscle. i | 

When a muscle was tapped with the percussion hammer, ib contracted 
promptly and normally; the marked deviation from the normal being the 
slowness with which the muscle relaxed after the’ cessation of the stimulus 
The degree of muscular contraction and the length of time taken by the 
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ly repeater bio ee “THe table below gives 
aken by the p  Heular' muscle or group of 
es] onse le ` "віце of one, two and 
deco. ail ihe percussion hammer. 


E piooeds vot relaxation ы 
. the blow and to the number of rapi 
the approximate number’ of seconds. 
musoles to relax, ‘after contracting . i 
` three moderate blows dealt in rapid: 


E 


- : САНЕ Опе tin: Two blows Three blows 
Right arm-biceps - 5 0e fosse ond: 5 seco ds 20 seconds 

^ Déft arm-biceps .. 22 el 157 ж LES E 30 y 
Right supinatorloügus .. ec. 10% 4 13 u 
Left supinator longus . Seins 6., ,, T op 10 „ 
Right anterior forearm TER, el ft HIT ке Qs y 18 „ 
Left anterior forearm muscles '.. tl ee Bay 8: 4 
Right posterior forearm muscles .. $3. ,, 6 5 ‚10 „ 

~ Left posterior, forearm muscles о da. 6 i . 10 4; 
Right triceps ' Ее. 10 uM 15 ,, 
Left tricepa AL ee Sewn НОЛ gs Moa 
Pectorals , ..  .., PA б эг 10 , 
'Steriomastoids .! Y... i , T: A: l0 p 
Posterior leg muscles ... oe Į. sp 10 ,, 
Peróneal muscles soto А Полу 10 ,, 

' Right thenar muscles - . USD ‘0 Er wre 19.55 
Left thenar muscles e eat JT i Al 12 ,, 
Right hypothenar muscles m \ Š "e m Bt э 
Left eee muscles . CN E 6: de 8 yy 
M a aie P: ve Гм ee be äcı "tte 8 5i 5 ,, 


E The length of TM taken by the 


nuscles yo relis Шеге cessation of the 


stimulus varied in a striking man Hor witii tho ~ вов of the year and the 
‚ general condition of-the' patient's 'b Health The tos i above held true for the 
‘moderately warm weather early. int be autunm ate "а generally good state of 
‘the patient's health. With the one ol code > ether, &nd during slight 


indispositions,” the relaxation time’ df the wre le. Bs" very mueh prolonged, 
in‘some instances doubled. - 
Stimulation with & faradic:curré » of modue ~'Yength produced the same 
effect as striking the muscles with a hanuma, ito (һә [ro need nof be 
repeated. Erb’s classical reaction 3 ag vot obron o in ‘fall 
. What was true of a given number: ‘ol Mens ol а cértain : strength was like- 
wise true of a smaller number of bl WS ol montes -ufength. Thus one strong 
blow produced the same effect ` as” to) thie gen! 3 blows. And the same 
, held good. for faradie stimulation. “4 ^ Yu 
"The superficial: reflexes were n mal The. g ial fulnar, wrist, supra- 
` „patellar and: Achillis reflexes could, 1 ot: be abtuinerl ора reflex 
was obtained only with much. diffs s. \ 
Я y ‘The muscular ‚strength, althoug] Zoo tt hou! oy was ‘not so great as 
. one would expect "considering the v ry leuc ae à ‘the uscles. , Sensation 


zx 


je pts 


- was-normal. The internal! organs‘ vere App rentis “heel ћу. There was & 
' ‚Басе of ‘albumin, in the urine, ‚which Was obnerwi-e dormàl, The blood Was- 
‚sermann test, done in order to exch de, uo prosgihle e ‘implicating circumstance, 


was negative. 
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The patient was seen a number of times during the late summer, tbrough- 
out autumn and the beginning of the winter AU the symptoms became 
exaggorated to an astonishing degree with the onset of cold weather. The. 
‘movement of rising from a ‘sitting position and tbb first steps were’ cluméy 
late in the summer. -In the beginning of the winter she would rise from a! 
sitting position with a-sliding and turning movement, ad if she had been glued 
to the chair; her first steps were made with the thighs and knees semiflexed, 
and it was not until she had walked for two or three minutes that her gait 
approximated the normal. She began to suffer with pains in her thighs and 
legs which were so severe that they interfered with sleep. 


Caso 6.—Edward W. (fig. 1, B)„10 years of age. His birth was difficult, 
but no instruments were-used.' Development normal. ‘He had otitis media 
“ab the age of 6 months, measles at 2 years of age and pertussis imme-' 
diately after: During the attack of pertussis circumcision was performed on, 
account of some complication. At the age of 3. he developed diphtheria ; 
antitoxin was administered, but post-diphtheritic par alysis of all four extremities, 

occurred, lasting for-nine weeks. Recovery was apparently complete. ' 

The boy attends & publie ‘school: and is quite bright at his studies. No . 
symptoms of any muscular, abbormality: Hays been observed either by ‘the 
family or by the teachers. ` 

' Upon,éxamination.the movements in response to commands were бее 
out normally, but mechanical and faradic stimulation of the muscles showed a 
persistence ol the contraction after the'cessation of the stimulus , The abnor- 
' mality ‚was particularly marked in the biceps, the supinator longus and the 
thenar muscles ‚on both arms. Faradie stimulation was more effective in 
eliciting the abnormality than mechanical stimulation. The tendon: reflexes 
were normal. ze 4 | 


. Case 7.—Mabel W. (fig. 1, F), aged 5. Inétrumenfal delivery. ‘Develop: 
men, normal. No'diseases of childhood. : 

Forsome time it has been noticed that after the child sneezes it eyelids 
remain closed for a number of seconds, and that sbe remains hesitant when 
urged to perform a sudden movement. This is particularly marked when 
getting off a street car, just as in the case of her: grandmother.: On. such 
occasions her legs remain “bound "s Чор a timo, 80 та she has to be supported 
‚ or carried out. ‚ 
'  Physieal examination RR the symptoms and signs of Thomsen’s 

disease. When the child was asked to close and open her hand repeatedly 
` each successive movement became more difficult, so that after a few movements 
the fingers remained extended upon the contracted palm, pointing in different 
directions. If she persisted, however, the difficulty was soon overcome, and 
the subsequent movements were normal. The following myogram (fig. 2) shows 
clearly the behaviour of the anterior muscles of the forearm іп the attempt to 
Open * and close the hand repeatedly. 'Made to sneeze, the eyelids remained! 
closed fora number of seconds. ; - ; : 
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| Mopirantoul лайн stimulit off of the muse om revealed a persistence 

E the. contraction: “beyond. the tine йг, which :Be stimulus was applied. 



















. The phenomienon was * éspécially, | arkeod u bhe a£m- biceps, the supinator 
` longus; the’ muscles, of. the thonar and hyp Brenn [fomitienees, and the calf 
. muscles ón both : id  .* i À ER De 

E "In every other respect the: child’ per ed to be ui jte val and normal. 





Em "REED ne . " " 
MES bo i К) И 
Ela. + 7.) " Anterior forearm m to,open’ and close the hand 
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Case вама" W. (fg: Í, VER Years amd ed of age. Instru- 
menial „delivery. Development, norr ju Nosy ae bs of Thoinsen' S disease. 








Gave, indelinite results. ‚ Stronger. si nons was Ho À yrafticablo in the case 












- of the young «child. The adininistiation ul an: yroved' to be a valuable 
diagnostic measure ;* ‘after, sneezing, y rh eaa s eve 4 в. ‘remained tightly con- 
Е tracted. for some ‘seconds, ‘and then| dBened van lually in the course of 
ninety seconds; thé -órbieularis stein ig ou sul р «foliar prominence. The 





"Punt reflexes were = ELE 


1; ari . ү 


: E 
- (This. wae, _ йаа! to, advan’ i qe un che n ‚Fein of ‚Mildred’s 
a TE 
laxe the pi tient had some slight 
a fst Lew mos ements of flexion and 
“extensión Of the forearm’ upon. ‘th 5 inn The indt movement was quite 
normal, the second slightly , diffigult, ı he third fourth, and fifth pro- 
"gressively more; difficult, the’ sixth Tess ditfeult vhe, söventh still less so, 
the succeeding. movements „being! nó nia The myigame reproduced 
,in figs. 3, AC and 3, В теге dubondroni the paticut/s biceps: 








ЕА r 


14 е ORIGINA ARTIOLES AND OLÍNICAL CASES 7 


"When; however, fiéxion 
“and extension. of the’ fore? ^. 
d arm "af dhe , elbow were: hi 
| performed with, the “hand ^ 
А :, élosed i in‘ a fist, the’ curve , 

was never completed; the К 
аана increased until, ER 

E movement сейвәй' (ga > 

-3 ‚B). Each ` succeeding j 
E “movement was : more: and .: 

. more difficult апы. after 

г four or five repetitions the " 
24 forearm remained” Bemi- . si 
p^ ' flexed upon’ the ‘arm, thé ; 

- fingers, being. ‘Opened, sanc 

extended in different di- ` 

“rections upon ғ 8 contracted | 
p a "The entire. müs- t 
de ` éulaturé, of the upper ex- ` 
| «bromity was contracted, 

the” individual | ‚niüscles. ` 
Standing out. pibininently” | 
ae Es somewhat similar" 
7 instance has “been . de. ES 
2 seribed- by Wichmann’ : Y 
- [4], | who. -considered ` it. 
‘a · fluke of “Thomsen's. . 
: diseasé.”. ‘Martius ‘and | 
+ Hamsemann'; [95] have 
: observed an .'analogoug > 
' phenomenon. in a case, of 
„„paramyotonia ; and ‘Pelz " 
; [82] * cites a. “case df; 
`: Weichmann’ 8; in which ‘ Br 
acts tonic spasm occurred. after. de 
. forced movement. ^ E 
-. The seeming discrep- | 
‘ancy of this phenomeñoh * ; 
“with the general tendency: г 
à “of the. movements to be- * 
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come normal after a few repetitions throws a good deal of light upon 
‘the mechanism of the mnscular action in this disease. The facts in 
connection with this phenomenon will, therefore, ES taken up in greater 
detail. 

‚ When the patient’s arm biega: was 78 tapped with the per- 
cussion hammer, the response by a contraction was quite normal. The 
subsequent relaxation, which in the case of normal muscles follows 
immediately after the momentary contraction, was ın the case of the _ 
patient gradual, extending over a number of seconds. If, after the 
muscle was completely relaxed, it was tapped again, the same 

_ phenomenon was repeated. If, however, the muscle was tapped while 





Fra. 8, B.—The same with the hand closed. 


it was still contracted, the subsequent response was a seemingly 
greater contraction. By tapping the muscle, say six or eight times in 
, rapid succession, it became contracted into an irregular, angular mass, 
of a woody consistency to the touch, and the patient complained of a 
pulling pain in the bicipital fossa. What happened was a simple sum- 
mation of the preceding residual contractions. ~The succeeding relaxa- 
tion then took a considerably longer time. 
` When the biceps and the triceps were alternately struck in rapid 
succession, the biceps did not contract into an irregular ball. After a 
few blows the forearm remained semiflexed upon the arm and the 
biceps muscle, although very\firm to'the ‚touch, retained its regular 
belly-shape. This muscle was\ obviously held back from contracting 
into a ball by .the persistent pulling of the opposing triceps. 
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It made no os by what’ stimulus the action of the muscle 
was evoked, whether by tapping with a hammer, or by an electric 
current, or by volition or emotion, the resulting abnormal phenomenon 
was always the same—a persistence of the contraction beyond the 
duration of the stimulus and, in the case of a stimulus-repeated in 
rapid succession, a simple summation of the residual contractions. 

It is not an easy matter, however, to bring a volitional or an 
emotional stimulus to bear upon ‘any single muscle, as may be done 

© by the tap of a hammer, or the application of a faradic terminal. 
Unless the forearm is thoroughly supported, a request to.contract | 
the biceps, except in the case of a few especially gifted persons, will 
result ınevitably in the contraction of a number of muscles, including 
some of the antagonists. For this there are two reasons. · One is 
that in the habitual movement of flexion at the elbow, all the muscles 
passing over the anterior aspect of that joint take part. The other 
reason is that in order to enable the biceps to exert a measured 
pull upon the forearm the arin is fixed at the shoulder joint by all the 
muscles passing over that joint, including the antagonistic triceps. 

We shall presently see how these facts furnish a clue to the entire 
mechanism of the abnormal.muscular action in Thomsen’s disease in all 
its varied aspects. . : 
4 Let this be borne in mind thai what is true of the necessity of 
fixing the shoulder joint in the movements of the forearm ü üpon the arm, 
is true as well of the necessity of the fixation of any proximal part for 
the purpose of moving a distal segment to which it is immediately or ` 
mediately linked. Thus, in order to make a fist, the elbow and the 
shoulder’ joints must be fixed in:any position of the upper extremity, 
except perhaps in the perpendicularly downward position. In order to 
move the upper part of the trunk, the muscles of the lower part of the 
trunk are contracted, thus converting!a number of the lower vertebræ 
into a solid column from which the attached muscles can exert a-pull 

' upon the upper vertebræ. Since the larger muscles pass over more 
than one joint, it follows that the contraction of such a muscle may ' 
subserve two purposes simultaneously :. one, the movement of the distal 
segment ; the other, the fixation of the proximal segment. 

When our myotonic patient is requested to make a, fist and then to - 
flex and extend the forearm upon the arm, she begins, therefore, these 
movements with the musculature of the upper extremity already in в 
state of partial contraction. When a normal person, under similar 
conditions, flexes the upper limb at the elbow, the extensors, contracted 


A STUDY OF ‘ THOMSEN’ 8 DISEASE 17 


for the purpose of ft fixing the оса at the snow and the arm at the 
shoulder, relax in correct proportion to the contraction of the flexors. 
In the myotonic person, however, the contracted extensors do not relax 
with sufficient despatch. The forcè exerted by the flexors in order to 
raise the mere weight of the forearm must be greater than normal by 
the amount necessary to overcome the pull of the opposing extensors. 
This is accomplished by sending a stronger volitional stimulus to the 
flexors, and the patient may be plainly seen to exert the volitional! effort. 
The resulting greater contraction of the flexors, however, is succeeded 
by their slower relaxation. In the next succeeding movement of 
extension, the muscles engaged in that movement are called upon to 
work against the force of the tightly contracted flexors. 

A succession of movements of flexion and extension, brought about 
by muscles which are already contracted for the purpose of fixing the 
segments of the limb (the hand being closed in a fist), results, therefore, 
in the myotonic person, in something more than a simple summation of 
the residual contractions. We have here a system of mutually aggra- 
vating conditions, and the residual contractions of the antagonistic groups 
- of muscles are accumulated in a geometric ratio. 

: Thus, considering the manner in which the residual contractions are 
summated in the biceps and triceps in the alternate contractions of 
these muscles, the greater the amount of residual contraction of the 
triceps the greater must be the contraction of the biceps in order to 
move the forearm through a given angle. The subsequent residual 

- contraction of the biceps is greater, therefore, in amount than it was 
in the case of the triceps. When the triceps is now called upon to 
extend the forearm, the amount of force which if must exert is greater 
than that exerted by the biceps in flexing it, and the subsequent 
residual contraction greater now than at the beginning. The amount 

` of force which the biceps must exert in flexing the forearm the second 
time must, therefore, be greater than that exerted in flexing it the first 
time. 

The result of the geometric summation of the residual contractions 
of opposing muscle groups, is that after & few movements of flexion 
and extension’ the entire musculature of the limb 1s contracted to its 
utmost capacity. Every segment then remains in a position between 
flexion and extension. 

It is almost certain, however, that if the patient could overcome the 
rigidity and flex and extend the forearm a few more times, the suc- 


ceeding movements would become easier and finally normal. This is 
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the case’ with every other movement of Mildred and with the same 
movement when ‚performed by -her sister Mabel. (Case 7). . What 
, happens, in the particular instance may be.likened to the case of a 
traveller who, having climbed a hill, is 80 exhausted near its summit 
that he cannot súrmount it and cannot, therefore; get to the other 
side where travelling is easy. \ 

In view of our ignorance of the ultimate causes of muscle contiac- | 
tion, it would be useless to’ speculate upon the reasons for the diminu- 
tion ‘and the final disappearance ‘of the residual contraction of the 
myotonic musclés upon the répetition of the movement in which they 
are engaged. Thomsen ascribed the abatement of the rigidity upon 
repetition of the movement to a concomitant rise in the temperature 
of the active muscle. Considering the effect of temperature upon 
chemical processes and upon the phenomena of osmosis and of surface 
tension, as well as the fact that all conditions of muscular rigidity 
are ‘lessened under, the influence of a higher temperature, Thomsen’s 
assumption may not be far from the truth. | 

The mechanism of the.rapidly accumulating residual éintvantions 
of opposing muscle-groups accounts for the sudden falling “ like a: log ” 
of some myotonic patients under the influence of sudden strong psychic 


.. or emotional stimuli. Cases 2 and 5 are éxamples of such patients. 


Such instances have been described by Charles, Bell [8]. as ‘early ‘ав. 


‚'` 1887, before the disease was recognized as a definite entity. ‘Thomsen : 


speaks of the effect of’ psychic stimuli upon the myotonic. person as. 
follows: “ When a psychic impression awakens the muscular cramp, 
whether it is fright . . & friendly blow on the shoulder from behind, 
or when the foot strikes against an unexpected stone, or when a sudden : 
noise reaches the ear, & painful, feeling "shoots through the ‘entire 
voluntary musculature, like an electric current. Every affect is arag: | 
gerated in the susceptible disposition, fright and anger as well as joy.” 

` Те effect of a sudden strong psychic or emotional ‘stimulus is to fix 
every proximal segment of the body and the limbs preparatory to any 
"possibly desired movement of the distal segments. Throughout the 
. vertebrate and a large part of the invertebrate kingdom, this fixa- 


\ 


' tion of the proximal body-segments may be observed in the act of 


“priming,” which precedes the movements of aggression or escape. , 
In man, under normal conditions, the widespread effect of a sudden 
strong emotional-stimulus upon the general musculature of the body 
‘is little noticed: the general stiffening is usually of momentary dura- , 
‘tion; and where the duration is longer the rapidly alternating con- 
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1 
M and relaxations of antagonistic muscles are exactly timed, 
constituting a perfectly ‘co-ordinated system. . Such is not the case in 
Thomsen’s disease. In, this disease there occurs, as we have seen, 
an overlapping of the contractions of alternately acting antagonistic 
muscles. In the rapid series of such alternating contractions of 
numerous antagonistic muscles which constitutes the act of "priming" 
theré must occur, therefore, in the myotonic person a rapid accumu- 
lation of the residual contractions. The reault of such an accumula- 
tion is that in a few moments the muscles become contracted to their 
utmost ‘capacity and the person, no longer able to perform the fine 
balancing movements necessitated by the erect position, falls ‘like 
a log.” In the instance of a similar attack described (Case 2), the 
parts of the patient which were thoroughly supported escaped rigidity. 
Since the muscles of these parts were not at work at the time, there 
was no basis for the formation of & series of mutually increasing 
residual contractions of antagonistic musole-groups. 

‚It will be remembered that the amount of residual contraction 
is in direct proportion to the degree of contraction; and that the 
. ‘degree. of contraction is in direct proportion to the intensity of the 
stimulus. This explains the reason why in the instance of Case 1 
the hand became “ bound” only when the act of grasping was accom- 
panied by that of lifting. The stronger stimulus determined to the 
muscles engaged in the double exertion of lifting and of grasping, 
made the myotonic condition of those muscles manifest where a 
weaker stimulus was inadequate. . 

The mechanism of mutually increasing residual contractions of 
antagonistic muscles differs essentially from Brissaud and Bauer’s [6] 
explanation of the abnormal muscular action by a “ synergic contrac- 
tion of the antagonists.” Inthe light of this mechanism, Jaquet's [18] 
theory of the irradiation r | the nervous impulse to opposed muscle- 
‘groups is untenable. Johi n and Marshal's [20] idea of a block 
in the pyramidal system the cause of the trouble is inconsistent 
with the symptomatology. he disease. From these authors’ descrip- 
tion it does not appear that „uey found in their cases either the sign of 
Babinski, or exaggerated deep reflexes, or abnormal associated move- 
ments, or a persistent hypertonus.of the resting muscles, or any of 
the signs of interruption of the pyramidal path. Such signs have not 
indeed been mentioned by any writer as part of Thomsen’s disease, 
nothwithstanding the fact that Thomsen himself thought thé disease 
to be due to a defect of volition. The intactness of the pyramidal 
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ER, in this disease is fully attente. both’ by the seamed: of the , 
, Signs just: mentioned, and by. the ‘readiness with which.a ‘given ен, 
of muscles, responds , to ‘tbe ` impulse ‘of volition. Yet ‘contract. zs "b 
`7 may, & muséle cannot move the part to which it is attached if that‘ 
part is held back by.an equivalent or:by & greater., force; and ‘the. 
"retardation of movements in: : Thomsen's disease ‘is ‘not: due to ‘any | 
, tardiness of the muscles in contracting, L but to ‘the resistance / о. 
by the unrelaxed. antagonists. son 
Hoffmann [15] mentions a number of theories тА а м 
‘different observers to. explain the singular ‘affection, чш there is no. 
need for repeating them here.. ^ / E E OP te, 


Tui aite OF Honor ON THE’ LARGE MUSCULATURR, ASSOCIATED 
^,  ' WITH THOMSEN’ 8. Diszasz. NN Rd WES А 


- 


' The аараан features of the. pathological, tate, 1 88 demiönstented 
Le Jacoby [17], Schiffefdecker [34]; Dejerine and Sottas [8], Pelz [32]; 
. Johnson and Marshall [20] and others, are the great thickness of the' 
fibres of, the voluntary muscles, the great ‘number of nuclei which are 
“also found within the sarcoplasm and, in some cases, an increase of the,’ 
interstitial tissue! Jacoby" made the interesting statement that “it is .' 
: obvious that a considerably: larger number of embryonic ` ‘saxcoplaste 
. must have ‘entered into the construction of each individual fibre than 
"is the case in normal development. = 3 M dr RS 
. . It is certain that although Thomsen’s disease does occur, in „persons Р 
with & musculature of average size, such , an occurrencé is quite excep- t | 
- ‘tional. ` , Assuming that the size appeared normal in the cases ‘where no 
‘mention is made of it, the number of myotonics with muscles of ' 
| “ordinary bulk must still be quite small. - By far the greater. number of . | 
., Writers on Thomsen’ в disease, speak of the large size of the musculature 
“of the persons affected. by, it. Westphal [43] considered the’ disease 
“to; be “a singular cóngenital anomaly of muscle tone connected. with: 
‘an unusual increase of volume.”-. Mills: [26] tried to account forthe: 
' large size of the muscles by. ““ the frequently ‘repeated, forced exercise.” ` 
A study of the family in question furnishes. the following facts‘ 
regarding the association of myotonia with a large musculature: — 
-The first male, who was, not myotonic, had @ large musculature ; | 
- while, the first female, who was ‘myotonic, had muscles ; of the average ‹ . 
normal size. Of their six surviving children, three have large : and, 
` three le ened muscles. - Those with, ‚large muscles “ are e myolonio;;. 
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while those with muscles of normal size are not. A glance at the 
respective weights of the six members of the second generation tells 
the ‘story. : The weights are as follows :— 


Myotonio group | Non-myotonic group 
| Sarah, aged 45, weight 228 Ib. Laura, aged 41, weight 156 lb. 
' Louise, „86, „ 998 „ William, ,, 86, ,, 145 ,, 
Herbert, ,, 88, ,, 210 „ Harry, , 93, „ 150, 


Of the ten members of the third generation, four have no myotonia 
and their musculature is of normal size; while five who are known to 
be myotonic show a tendency to a large musculature. Another shows 
the'same tendency, but has not been examined for myotonia. In the 
case of the younger children, however, it is difficult to form a positive 
opinion as to the sizè of the muscles, and one judges largely from 
general impressions, which may a féw years hence prove to have been 
wrong. But there is no doubt whatever in the case of the oldest 
myotonic member of the third generation, Mildred (fig. 1, C). She is 
12 years of age, has very large muscles and weighs 121 Ib. 

With the exception, then, of the one.child who has not been investi- 
gated, it may be said on the whole that those of the descendants who 
have inherited the first male’s large musculature have also inherited 
- the first female’s myotonia; while those who have inherited the first 

female’s average-sized musculature, have inherited the first male’s 
normal muscular state. ` 

The last feature assumes somewhat greater significance when the 
other inherited characters are considered together with the inheritance 
of the two characters just spoken of. The tabulated inherited characters 
are as follows: the muscular.condition, the size of the muscles, the 
colour of the eyes, hair and skin, the form of the nose, the facial 
expression, the mental state and the sex. It must be understood at the 
outset, however, that conclusions respecting the colour of the eyes and 
hair drawn from ordinary observation, a8 was done in the present 
instance, are not entirely reliable. The writer was assured by so 
eminent an authority on Mendelism as Professor T. H. Morgan that, 
with the exception of the colour of the skin, exact colour determina- 
tions are. made possible only by means of rather complicated tests. 
In estimating the colour of the hair, allowances must be made for the 
shade, which varies with age. Nothing has been said in the report of 
the cases about the form of the nose and the facial expression, because 
these characters are even more difficult to define with any degree of 
exactness than is the, colour of the eyes and hair. 
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The shape of os nose in the myotonic members of ‘the: family 
appears in several ways different from ‘that in either the psychotic or 
the normal group. A single instance will suffice for illustration: the | 

tip of, the nose in these myotonic persons is pointed; in the three 
| members of the psychotic group it is rounded. The four types of 


. nornial persons have as many different types of noses ; Estelle's nose, 23 


. for example, is of the “ humped " variety, and exactly like her father's. 

The expression, of the face as a single hereditary éntity is a good 
example of that concéption of the Mendelian unit charäcter which is so 
thoroughly condemned by Pearson [30], Conklin [7], Morgan [27], and 
' other experts in Mendelism. ‘A moment’s thought must indeed make ' 
it plain to anybody,that a great. number of items, both structural and 
functional, conspire, in. the. production of a given facial expression. 
The inheritance of ‘that “unit character" must imply, therefore, the 
inheritance of all the numerous factors which constitute it. . 

It is the opinion. of the older members of the affected -family—and 
that opinion is largely. upheld .by photographs—that all the myotonic 
members have inherited the tip of the nose and the facial expression 
from the grandfather—the first male; and that the psychotic members 
have inherited these characteristics from the en first 
female. y 
In the following table the particular form of the nose will be desig- 
nated ás pointed, rounded or humped ; „and the different facial expres- , 
' sions as A, B and C. 

From this table we gather the following facts:— : 

(1) That with the exception of myotonia and no , myotonia, the 
recorded characters of the first male, as well as those of the first female, 
formed an unbroken ‘chain which was transmitted as ‚a whole, con- 
, stituting the general appearance and the mental state-of the particular | 
individual. 

(2) That і in some of the offspring ike general appearance. and'the 
- mental state of. the first male, in ‘others those of-the first female, have 
proved.to be dominant. А | 

(8) That the offspring who have hole from the first male his 
general appearance and his normal mental state, have «also inherited 
from the first female the character of myotonia. 

(4) That the offspring who’ have inherited the general appearance 
and the abnormal mental state of’ the first female, have also inherited: 
from the first male the normal state of his musculature. : 

(5) That myotonia is not sex-linked in these cases. - 
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The records on myotonia T make no” mention of the 
association of any special physical characteristics with the muscular 


‘abnormality, withthe exception of a large musculature. Sineé no 


general inference can be drawn from a single instance, we are for the 
' present justified in the conclusion that the par ticular character which. 
offered a ready linkage to the character of myotonia, was that of а a 
large musculature. | 
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characteristics of the first male, Aa g 
Q = A musculature of average size and other = Myotonia. 
. mnes characteristics of the first . M. = Psychos. 
emale. М 


“Blank = Normal. , 


' t = New hs types. In each case the child reseribles th - ) 
А MVO rent who за not a blood-relation of the affectel family. 
I = Chuldren a who died very young. The physical type ıs not 
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In the case of the family je in’ question, Ha at would appear, thai: f 


some of its members have a large musculature, not because they è ane 
myotonic, but because the hereditary factor of a large musculature. 
ы to be а favour able receptor for the hereditary factor of myotonia: 
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Ox THE QUESTION OF PARAMYOTONIA. 


- Eulenberg [11], Delprat [9]; v. Sólder [39], Senator [38], Martius 
‘ and Hansemann (25) and others, have described cases in which a tardy 
relaxation of the contracted muscles occurred only in the cold. In 
some of the cases of the first two authors the muscles remained con- 
tracted for long periods of time, in some instances for hours. Erb [10] 
was of the opinion that cases of this sort belonged to an entirely 
different category. The affection has received the name of paramyo- 
tonia. That there is hardly any justification for setting such cases 
aside in a different group from Thomsen’s disease will ‘appear from the 
following considerations :— 

Quite a number of observers point out the fact that the manifesta- 
tions of Thomsen’s disease are much more apparent during the prevalence 
of cold weather. Kron [28] goes so far as to include the influence of 
cold in increasing the prominence of the symptoms among the points 
which justify a diagnosis of myotonia. In Case 2 of the present series, 
the myotonic reaction of certain muscles, which was not apparent under 
ordinary circumstances, was demonstrated after chilling the parts. In 
Case 5 the myotonic condition of the musculature is exaggerated in a 
most striking manner in cold weather and by slight general indisposi- 
tions, such as the menstrual period or an ordinary coryza. 

No two of the eight cases of the present series are of the same grade 
of severity, nordo any two exhibit quite the same manifestations of the 
affection. In one the tardy relaxation of the muscles occurs only when 
their contraction has been brought about bya primitive form of stimulus 
— he so-called emotional or psychic stimuli of fright or anger—and 
then the myotonic phenomena : are most pronounced. In another, 
almost any stimulus capable of evoking a muscular contraction is suffi- 
cient to manifest the myotonic condition of the muscles. In still others 
only stimuli applied directly over the muscle bring the abnormality to 
light. The fact that in some of the cases classed under the heading of 
paramyotonia Erb’s classical reaction could not be obtained, means only 
that a muscular contraction brought about by a stimulus applied 
from outside directly over the muscle was not sufficient to elicit the 
myotonic reaction of that muscle. It will be remembered that in 
Case 8 of the present series such stimuli were ineffective, while the 
contraction of the orbicularis palpebrárum; brought about by the act of 
sneezing showed beyond a doubt the myotonic condition of that muscle. 

Viewing the matter from this standpoint, one is no longer surprised 
to find that two members of the paramyotonic family described by 


26 ORIGINAL ARTICLES AND CLINICAL CASES 


Delprat were affected with typical forms of .Thomsen's disease. Ав is 
the case in every other disease, the manifestations of Thomsen’s disease 
are somewhat different in different persons, and differerit in the same 
person under varying conditions. Yet for all its variations the main 
‚. feature of the disease remains the same—an: inherited affection charac- ` 
terized by the failure of the contracted muscles to тешу with sufficient. 

degree of despatch. | 


\ 


MYOTONIA WITH Wis annoy. A MENDELIAN SUB-LETHAL FAUTOR: 
MYOTONIA ACQUISITA. 


The number of cases in which myotoniais associated with muscular 
atrophy is very considerable. Nearly all writers agree that the muscular 
strength of persons affected with Thomsen’s disease, in relation, 
to the size of their muscles, is below the normal. The coincidence of 
myotonia with gross muscular atrophy has been described by Hoffmann 
[14], Jolly [21], Schultze [37], Bettmann [4], Pelizaeus [31]; Batten 
and Gibb [2], Nonne [29], Fuchs [13], Rossolimo [83], Lannois 
[24], Nogués and Sirol [28], v. Voss [42], Ramsey Hunt [16], and 
others, Pelz estimates the occurrence of atrophy in myotonia at 11 to ' 
12 per cent. The fact that atrophied fibres have been found mingled 
among the greatly hypertrophied ones in cases where there was no 
gross muscular atrophy, is significant. 

After observing the manner in which antagonistic muscles interfered ` 
‚with each other's actions, it occurred to the writer that: atrophy might 
be caused by. the repeated pulling and stretching—an actual tearing of 
muscle-fibres by the antagonistic muscles. The action of the facial 
muscles, however, would appear to be altogether too weak for. ‘such an‘ 
accident to occur. Yet the facial muscles are mvolved i in the atrophy in 
a great number of the cases described. 

That some nerve elements are involved in the disease in a number of 
cases might easily be surmised from certain of the subsidiary symptoms. 
A number of these ‘patients suffer with muscular pains. In the present 
series Cases 2, 3 and 5 complain of such pains. ' The diminution or the 
absence of some ‘of the tendon reflexes is not infrequent in the more 
pronounced cases of myotonia without any atrophy, and it is very 
frequent in the cases with atrophy. In the most pronounced case of 
. the present series, Case 5, most of the tendon reflexes are absent or very 
much diminished, yet there is no discoverable atrophy, and the muscles, 

when struck with the hammer, respond by normal contractions. The 
` widespread and long-lasting paralysis caused by diphtheria in Cases 2 
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and 6 (ab the ages of 18 and 3 respectively) compels the thought of 


a special susceptibility of the neural elements in these cases. Of the 
thirteen members of the second generation, seven died in infancy from 
obscure causes. Yet the family was not poverty-stricken and its manner 
of living nof unhygienic. Although ‘such an occurrence is not very 
unusual, yet the fact that the six survivors as well as their children are 
all affected with one chronic disease or another, naturally impels one to 
look for a common cause of death and disability in the stricken family. 

‘In the light of the recent discoveries in the field of inheritance, the 
latter consideration should not appear as altogether far-fetched. 
Morgan [27] and others have described a Mendelian lethal factor in 
some of the breeds of thé Chrysophila fly. In the case of the family 
under description we have seen that the condition of myotonia has 
been inherited as an independent factor from the first female; and that 
it has become dominant, that is to'say hag become manifest as a muscle 
abnormality, in those cases. where the offspring have inherited a large 
musculature. But there is nothing in the. history of this family, as far 
as it has been ascertained, to prove that the psychosis of the first female 
was an entirely independent factor from that of myotonia. The fact 
that in the records of myotonia congenita we find almost universally the 
muscular disorder associated immediately or mediately with psycho- 
pathies, speaks against the independence of the factor of myotonia from 
that of the abnormal mental state of the first female in this series. And 
this conjecture is rather corroborated by the fact that a certain number 
of the myotonics in this family, although free from psychopathy, are 
not free from neuropathies. After a careful consideration of the facts in 


, connexion with this family, the suspicion has been forced upon the 


writer that myotonia congenita is caused primarily not by an inherited 
abnormality of muscular structure or function, but by an inherited sub- 
lethal factor which exerts an injurious action upon the neuro-muscular 
system: In seven cases the injurious action of this hypothetical agent 
was sufficient to determine the balance in favour of death. In other 


‘instances the existence of this agent is manifested in myotonia with 
“atrophy of individual muscle. fibrils, or of entire muscles and muscle- 


groups. In still others it causes myotonia, with muscular pains and a 
diminution of the tendon reflexes, with or without muscular atrophy. 
In, others still; especially in, cases where the musculature is not con- 
gonitally of large volume, the muscular system is spared, and the 
action of the inherited injurious agent is upon the highest cerebral 
structures. 


М 
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Such в ‘conception of the disease might Help to explain not only 
the singular co-existence of _psychoses with the muscular, disorder either 
in different members of the same family or in the same person, but the 


‘occurrence of the temporary and acquired forms of the disease as well. > 


If-myotonia congenita is caused by an inherited abnormal content, of 


the body fluids, then a temporary myotonia might be caused by a 


temporary alteration of the.contents of the body fluids of a certain kind: 
Such a ‘temporary alteration of the body-fluids must have occurred in 
the cases described by Talma [40] with an acute febrile onset and 


severe gastro-enteric disturbances; and by Schultze [36] in connection . 


with gastric dilatation, associated with the symptoms and signs of tetany, 
The same principle might be applied to the cases where myotonia has 
occurred in the course of severe disturbances of the central nervous 


‚system, such as the case of brain tumour described by Bremer and. . 


Carson [5]; of myotonia associated ‘with. athetosis described by 
Kaiser [22], and of myotonia occurring in connection with syringo- 
myelia, mentioned ‚by v. Frankl-Hochwart [12] and by Se 
[85]. $ di, 


A PSYCHOLOGICAL Concomitant OF THOMSEN’S DISEASE. 


It will appear from the history taken in connection with Case 2 that | 


the myotonic mother of four myotonic children, and. herself the 
daughter of: a myotonic mother, was reluctant to admit. that she 
suffered from. any. muscular disorder. As a matter of fact’ she strenu- 


ously denied the existence of the disorder in any member of her family, | 
and this denial was maintained for weeks in the face of numerous facts , 


to the contrary. 6 
. Such an attitude of nd appears to be a. pretty constant con- 


‘comitant of the muscular disorder, and is meñtioned by a number of . 
writers. Jendrassik [19], in his able summary of the affection, mentions - 


the fact that “the patients seek to-conceal their infirmity by all-sorts of 
artifices.” ‘Thomsen himself must have been thorcughly aware of this 
. attitude, in his own case when he said: “There is an activé psychic 


factor involved, namely, the fear of ridicule. As soon as the feeling - 
arrives that those about will discern and observe the disability, the . 


symptoms, become aggravated in the highest degree.” . In the present 
case of the mother of the myotonic children there was, in addition to 


the desire to conceal a lifelong disability that is so thoroughly disguised | 


by an appearance of perfect health and strength, another inhibitory 
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^ 
^ 


factor. It was the wish to sappress the consciousness of a responsibility 
of having transmitted her infirmity to future generations, innocent as 
` ghe certainly was of any wrong motive at the time when the responsi- 
bility ` was taken.” 
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. DEVELOPMENT OF CENTRAL NERVOUS SYSTEM AND VERTEBRAL- 
COLUMN. Х 


The central nervous system first appears as a thickening of the 
surface ectoderm along the mid-dorsal line of the embryo, the medullary 


Neural plate 





e А Neural groove A 


Neural fold 








Ect, 
Mes. 
Ent, 
Nenral tube 
| Neural crest 
Ent. 
Notochord 
Fic. 1, A, B, C.— Transverse sections of chick embryos, showing stages in the formation 
of the neural tube. " 


.plate (fig. 1; A). . The edges of this plate rise, turn toward the mid-line 
and finally meet and fuse, forming a closed tube (fig. 1, B,C). Fusion is 
 segmental in character; it takes place first in the cervical region, and 
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progresses backward and forward, ut delayed longest in the cephalic 
(s . and caudal segments (fig. 3). Ultimately the closed neural tube sinks 
г beneath. the surface, mesodermal. structures interpose themselves and 
96 the neural ectoderm continues its growth independently of the integu- 
Um T In the regions last closed there remain for some time min 
е - openings, the neuropore at the anterior extremity and the caudopore at 
the posterior, through which the central canal communicates with the. 
Ў exterior. таре these openings also become closed. 


, 









— Marginal 


P Oy ; Ro post. — Mantle 


== Ependymal 


—Schematic, Left side modified from Prentiss and Arey, showing the Hit 

ГУД: “of Pre сщ ganglia and the spinal nerve roots. Right side represented as though seetioned 

ba е ш bu) oA body, showing the early stage of vertebral development with the origin 
x UPS of the ne arc 


EN 7 “Tn the meantime, even before the medullary folds have completely 
ES y fused, an increase in size of the cephalic portion of the folds becomes 
MS Apparent and one can differentiate the brain from the spinal cord (fig, 3). 
x COPIE de. not necessary here to deal with the complex further develop- 

EE "ment of the.cerebral vesicles, but attention must be confined to that 
e «ord. In its separation from the surface ectoderm there persists 

| for. a time at the mid-line a chain of cells, the neural crest (fig. 1,0), 
Kt ate the characteristics of the cells of the neural tube proper. From 
"this chain are formed the гореше root ganglia (fig. 2, G. spin.) and the 
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UR a basal, anterior lamina. ges the a 
structures of the posterior horn. In the basal 


the motor nerve-cells of the anterior horn, and th 
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. develop the laminæ and the spinous processes. The laminar processes | 
grow out from the neural process toward the mid-line of the embryo, 


“surrounding the spinal cord and forming the spinal canal. In a fœtus 





— 7 Hind brain 


Neural tube 


Mesoblastie somite 


| Unclosed neural tube 


Nenrenteric canal 


Fic. 3.—Human embryo of 711 mm., showing closure of neural tube, and early 
stage in differentiation of cerebral region. (After Keibell and Mall.) 


of 33 mm., about nine weeks, they extend well out towards the mid- 
+: dorsal line, and are united across this by a membrane of connective 
tissue, In one of 50 mm., about the eleventh week, they are united so 
‘as to form a canal similar to the adult spinal canal, and small spinous 
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mina. ` Growth of ihe neural tube and of the vertebræ progresses at 
equal rate.until the third month, and up to this time the nerve roots 
continue to pass out of the canal perpendicularly to the long axis of the 
cord. Fig. 5, A, shows a diagrammatic representation of the relative posi- 
- tions of neural and of ‘vertebral segments at this stage. In the further 
growth of the embryo, ‘however, the growth of the neural tube is out- 
stripped by that of the vertebral column, and as it is anchored above 
_by its attachment to the medulla it remains high in the canal, termınat- 
‚ing at birth at the level of the third lumbar vertebra (fig. 5, B). This 
is usually referred to as “ the upward migration of the cord.” At the 
' tip ofthe coccyx, the extremity of the cord remains for a long time 
connected with the surface (fig.,5, A), and this connection pulls the end 
of the cord and the pial sheath into the slender filum terminale (fig. 5, B). 
It will. be necessary to describe this in greater detail later, as it has 
direct bearing on the defects which occur at this region of the neural 
canal. The spinal nerves, having a fixed relation to the intervertebral 
foramina, are carried away from the cord segments with which they 
' are connected by ‘the growth of ‘the vertebræ. Their roots elongate to 
compensate for the unequal growth, so that while those from the 
upper segments continue to pass out almost horizontally, those from 
the lower Segments descend more and more within the canal as one 
| passes downwards. At birth a cauda equina is found' similar to that 
‚in the adult. Fig. 5, B, shows schematically the relation of cord, 
spinal ganglia and nerve roots as they are found in the full-term fœtus ; 
it does not differ materially from that in the adult. It should be men- 
oned that in making fig. 5 the skeletal basis of the diagram was drawn 
scale from an actual dissection in a seven months’ fœtus. For pur- 
8 of comparison this skeletal scheme was used for all the diagrams 
is figure, as the particular change under consideration seemed 
r brought out in this way. ` 
The formation of the filum terminale and its relation to the coccygeal 
segments -of the cord has ‘a direct bearing on the structure of lumbo- 
sacral spina bifida as it differs from spina bifida in other areas of the 
neural tube, and must therefore be discussed in slightly greater detail. 
The .coccygeal segments, with the exception of the first, are rudi- 
mentary Their cells do not differentiate beyond the embryonic stage of 
a layer of glia cells surrounding a central canal. The last coccygeal 
segment remains attached to the bas urface ectoderm, and with ‘the 
increased growth of the vertebræ this undifferentiated area becomes 
drawn out into a slender thread of y жо which for a long time there 
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Fig. 5, A, B, O, D.—Diagrammatic representation of migration of cord and relations of 
nerve roots: A, in 8 months’ fœtus, Ж, in fœtus at term; С, in Oase I, myelocele; 


D, in Case ITI, myelomeningocele. 
dissection of the spinal column o 


sletal basis of all the figures was taken from a 
s' foetus. . 
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is a persistent central canal. It remains attached to skin by its tip, and 
higher up in. the rudimentary coccygeal part of the spinal canal it is 
separated from the skin only by imperfectly differentiated meningeal 
layers, and by a band of fibrous tissue which alone represents the vesti- 
gial coccygeal laminæ (fig. 5, B). Even in the full-term foetus nervous 
elements can still be found init. The filum terminale as low down as 
it remains glial represents, theréfore, the lower four coccygeal (tail) 
segments, which have become drawn out 80 that they stretch from the 
tip of the coccyx to the level of the first coccygeal cord segment which 
lies at the level of the third lumbar vertebra. The normal adherence 

: of the end of the cord to the skin surface, and its persistent rudi- 
mentary state in this region, have a direct effect in producing one 
variety of meningomyelocele found in this region of the spine. 


MORPHOLOGICAL Basis oF Spina BIFIDA. 

It is not within the scope of this paper to enter into the underlying 
causes, probably of a bio-chemical nature, which determine the occur- 
rence of spina bifida and of other basic developmental defects. It is 
necessary merely to point out the morphological factors which are 
concerned in this particular class of cases. 

Apparently the mechanism of closure of the medullary folds is one 
of the most delicately adjusted of developmental processes, for anomalies 
are of fairly frequent occurrence both in man and in other vertebrates. 
n chick embryos which have been improperly incubated it is a 
eee experience of the embryologist to find a number in which the 
folds have partly or entirely failed to unite in the usual time sequence 
with other organs. Usually very young embryos only present this 
deformity, probably because the older individuals die from the un- 
favourable conditions which have produced the defect. Other labora- 
tory embryos, as opossums, pigs, &c., present the defect more rarely, 
doubtless because of the normal conditions of their existence, as these 
embryos are fixed and prepared in utero, and not artificially incubated. 

It will be seen that any interference with the closure of the medal- 
lary folds will, of itself, cause, a corresponding interference with the 
development of the neural arch of the vertebra forming around that 
region of the cord. Any defect, however slight, involving the medullary 
tube proper, is associated with defect of the vertebral neural canal. Such 
medullary tube defect has morphologically a wide range of possibilities, 
from mere delay in the closure of the caudopore with a consequent 
delay in the development of the membranes of the cord in this region 
and of the integument covering them, to a complete lack of the infolding 
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of the medullary plates, with or without differentiation of ‘the neural 

. ectoderm forming the plates. ‚In certain cases the defect in the medul- 
lary tube has been so slight or so evanescent that in the fully developed - 
embryo no ‘trace of defect remains in the cord itself, but its existence is 
revealed by an imperfection of membranes associated with a corre- 
sponding defect in the vertebral canal. In still other cases, one finds 
' no such definite evidence of an original medullary tube defect, the 
anomaly consisting merely of a failure in the fusion of the vertebral . 
spines or of the laminæ. ‘More rarely laminæ are partly or wholly ' 
. absent. This is pfobably also dependent in a proportion of cases on, 
` medullary ‘tube defect, for nervous symptoms are not infrequent. 
Reference will be made to this later in the discussion of the types of 
spina bifida encountered in actual specimens. 

It will be seen that all these variations of the deformity may occur 
throughout the entire length of the medullary tube, or may be limited 
in extent. The development of the cephalic extremity of the tube and 
of the cranium is'so divergent from that of the spinal cord that no ' 
attempt will be made in this paper to discuss defects involving the 
` brain (cranio-rachischisis). It must be remembered, however, that 
defective, development of one part of the neural tube is prone to be 
associate with defective formation of other parts, and cephalic abnor- 
malities are frequently found with spinal. Fusion of: the spinal part 
^ of the medullary folds tends to be normally later in the cephalic and in 

the caudal ends of the embryo than in the mid-thoracic regions, ana 4 
local defects are more apt to occur at these points; but the fusion is 
segmental in character and segments at any region may fail to unite 
without necessarily impeding the union of segments above or below. 
‘The rudimentary character and morphological peculiarities of the 
coccygeal segments (flum terminale) already alluded to may be 
' responsible for the great number of defects occurring in this region. 

It is particularly necessary to remember the time sequence of the 
structures which participate in the defect. : Normally the entire neural 
tube is closed at the end of the third week, it is then the full length 
of the embryo. Normally the vertebral neural arches from the first 
cervical to the third or fourth sacral are closed at 50 mm. (eleventh 
week); the arches below the fourth sacral are normally rudimentary.’ 

The defect, whether it be a failure of closure of the medullary groove, : 

or an adherence of meningeal layers to skin, .cahnot occur after tha E 

vertebral arches are closed; ; and at this period of growth and indeed 
. for a short time thereafter (third month), the vertebral column and 


\ 


A CONTRIBUTION TO THE ANATOMY OF SPINA BIFIDA 43 


/ by imperfect epidermis and adherent to the presenting meninges. To 
this imperfect skin the term “parchment” is fittingly applied; it is 
poorly vascularized and of low vitality. On opening into the sac and 
examining its walls one may find a variety of conditions. (1) The sac 
wall may be composed of fused dura and arachnoid, or of these two 
layers in close proximity but not fused, forming a distended single sac 
representing the subarachnoid space, in the bottom of which the cord 
courses down covered by pia in the normal manner. (2) The dura and 
the arachnoid may be separated by a collection of fluid, the tumour 
consisting of an outer dural and an inner arachnoid sac, the pia and cord 
being normal. (3) The outer layer of pia may be likewise distended, 
forming & third, usually much smaller sac, within which the cord lies. 
(4) In any one of these forms the cord may be lifted up by the fluid 
round it, and may course through the middle of the cyst, presenting. 
however, no obvious abnormality. This condition, however, does not 
seem to be well authenticated. 

Class 2.—Mesoblastic defect with slight epiblastic defect: 
(rachischisis incompleta restricta). 


$ 


(4) Myelo-meningocele. 


Here we find a meningocele in which the neural tube has closed but 
has remained in contact with the surface ectoderm in a small part of 
its extent, the result of delayed closure usually near the caudopore. 
The cord is drawn by adhesions to the surface of the sac, and is attached 
by a greater or less portion of its length to the sac wall. The nerve 
roots may pass down.from its ventral surface to reach their foramina, 

|" may be caught in the adhesions and course down over the surface 
of the sac. These cases are always covered by parchment skin, but by 
the microscope integumentary structures may be demonstrated lying 
dorsal to the neural tube. This variety is probably confined to lumbo- 
sacral rachischisis, and is the result of the peculiarity of the develop- 
ment of the coccygeal segments already noted; it is, however, often 
confused with more severe types in which some cord segments have 
not closed, and many cases described in this class more properly belong 
to.Class 8 (A). : 
и (В) Hydro-nvyelo-meningocele. 
In certain cases in.which the neural tube has closed, either with 
or without a persistent adherence to the surface ectoderm, as was 

described above, the central canal of the cord becomes enormously 
distended by fluid, and within a meningeal sac of any of these types 
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a medullary sac may be found, the wall of which is formed of thinned 


nervous tissue, from which more or less perfect nerve roots pass. This 
form is not infrequently encountered, and is entitled to separate mention - 


because of the importance of’ differentiating ıt from the pure meningo- 
cele which it resembles clinically. It represents only an exaggerated 
form of the concomitant hydro- and syringo-myelia : which are so frequent 
in the more severe grades of rachischisis. 

Class 3.—Gross epiblastic defect with accompanying mesoblastic 
defect (rachischisis completa). ' 


E 


(A) Myelocele (Rachischisis Completa Restricta). 


Here two or three segments of the medullary folds have remained 
open and the neural ectoderm lies exposed on the surface of the body 


as a ribbon of delicate tissue down thé mid-dorsal line. On either side .' 


the meninges are attached to the edges of the medullary ribbon, and 
form a zone of parchment skin which passes in turn into normal skin. 


In certain cases no collection of fluid occurs, but in the majority the 


meningeal layers become filled with fluid. as in pure meningoceles, and 
the open neural ribbon is stretched over the surface of a tense sac. 
Cases’ of this type occur in the cervical region, very rarely in the 
thoracic, but often in the lumbo-sacral región. In the cervical and 
thoracic regions they: are easily differentiated, but in the lumbo-éacral 
they are apt to be obscured by the growth of surface ectoderm over the 
lower part of the neural ribbon. The lower coccygeal segments, 
functionless in man, never develop beyond the simple neural tube of 
the embryonic state. The last coccygeal segment normally remains 
attached to the skin. The tendency of all these segments is, towards 
atrophy rather than growth, while the growth of skin ectoderm is a 
active as elsewhere in the body. If the upper coccygeal segments do 
not close, the few neural cells present in them tend to become atrophic 
and overgrown by skin, and this part of the neural tube 18 prevented 
-from ‘elongating into the filum terminale. The adhesions, to skin so 
formed mechanically drag down the sacral segments and involve them 
in the defect. In the lumbo-sacral variety also, probably as a result of 


the adhesions to skin, fluid is especially apt to collect in large quantity, -* 


and its pressure within the meningeal sac may be so great as: to draw - 
. the normal cord above the open segments down out of its ‘canal and into : 


the sac. Thus a normal cord may appear to end in the middle of the 
sac wall, and the open medullary groove segments below may be 
covered by inflammatory exudate or by overgrown integument so ‘that 
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‘the significance of cord attachment is entirely overlooked. Careful 
study will probably result in placing many of the cases which have 
formerly been placed in Class 2 (A)—rachischisis incompleta—in this 
class with other complete defects. 

With these, as in other cases of cord involvement, hydromyelia and 
syringomyelia are often associated. 

It is customary to refer to the cases of this type in which the 
meninges are filled with fluid as cystic myeloceles, but while this term 
‚has some, descriptive value it does not denote any class distinction. 


(B) Myelocele (Rachischisis Completa Partialis or Totalis). 


These cases do not differ from those in Class 3 (A), except in the 
extent of the defect, which involves a very large number or all of the 
neural segments. Because of the extent of the defect there is never an 
accumulation of fitid in the severer cases. The neural tube hes 
flattened out in thé groove formed by the undeveloped vertebral lamina 
' upon the surface of the exposed vertebral bodies. The meningeal 

layers ‘are developed beneath it and pass laterally into a zone of 
parchment skin which blends with the normal skin. In the cases of 
total defect, where there has been no abnormal adherence of the cord 
to the skin over the coccyx, the ribbon cord may migrate upward as in 
the normally developed cord, and here the lower sacral vertebræ may 
` continue their development, without interference by the neural defect. 
Total neural lesion may therefore occur without total vertebral defect. 
This is important because of its bearing on the problems presented by 
the restricted lesions of the same class. 
In both the types just mentioned the medullary tissue may present 
ide variations in the extent to which the differentiation of its cells has 
occurred. In some instances the condition remains embryonic, and no 
trace of the adult medullary structures is to be found; in others the 
cord substance has developed as though closure of the folds had been 
accomplished, and the nerve cells and roots can be easily distinguished. 


Statistics of the percentage occurrence of spina bifida in its various 
manifestations are difficult to collect. From observation in the 
anatomical laboratory it appears that mere vertebral defect is of fairly 
frequent occurrence. Various forms of meningocele come frequently to 
the attention of the surgeon, but are infrequently reported, so’ that 
no accurate idea of their frequency can be formed. The cases with 
marked medullary involvement are often born dead, or succumb shortly 
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to infection. As they are not remediable, ee attract bat little interest: | 


оп. the part of the obstetrician. . `. N 
' Surgical interest centres about the cases of spina bifida restricta, 


since it is in these cases that operative interference’ is feasible. Here, ` 


however, while more case records are available, their imperfect nature 
and the varied use:of descriptive nomenclature makes accurate classi- 
fication : a matter of extreme difficulty. This is especially true of those 
of Class 2, in which there is involvement of the cord. "E 

Before going further it will be advisable to discuss the few cases here 
studied in detail, and to point out the difficulties of recognizing ‘the ре 
from operation or gross dissections only. ' 


(7 7 ++ DISCUSSION OF Cases. ` . э 


Method of preparation and study of specimen. —The material atudied i 


‘is partly operative and partly pathological museum specimens. The 
conditions under which it was obtained made certain features of the 


accurate’ study difficult. Inthe three operative cases (Cases ПІ, IV, . : 
ҮП) it was the writer's good, fortune to assist at the operation and in the 


caré of the patients, so that the observations on these were carried out 
as a continuous ‘first-hand study. In each case.drawings were made 
. from the actual specimens, enlarged to scale, and wherever any matter of 


personal interpretation of the condition modifies the diagrams it is clearly * 


indicated in the description. . It will be obvious that certain features of 
& preserved specimen can be brought out only by personal observation. 


In making the microscopic study of the specimens, blocks of tissue · 


of 2 to 3 mm. thickness were cut, embedded in celloidin, and stained by 
the following methods': (1) toluidin blue; (2) iron hematoxylin; (3), 
hæmatoxylin-eosin. Ір опе or two cases other methods were tried, but 
ав they were not fruitful they were abandoned. All the sections from. 
each block were stained and examined, and the interpretation of certain 


. features in the individual sections was frequently the result of this study. . 
In certain cases where the condition was obscure additional- sections. 


were made above and below the original blocks, but detailed description 
of these is not given. The sections photographed and described are 
those which appear to throw-most light on the anatomical and clinical 
aspects of the cases. All the photographs were made with a? in. 
objective and redticed to the same scale, so that comparison of their size 
could be made. They were re-touched with indian ink with constant 
reference to the slide from which they were made, in order to indicate 
| туей and nerve cells.  ' 
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CASE I. 


ba bifida completa partialis, of Class 3 (В). Specimen 

^ No. 1109, Surgical Pathology Museum. 
The specimen was received as part of a pathological collection which came 
into the department of Surgical Pathology of the University of Texas, and no 
history could be obtained. The preservation was not all that could be desired, 
and no care had been taken to protect the myelocele from injury in trans- 
portation. The body was in good condition, however, except for the more 
delicate neurological examinations of the brain. The body was that of a negro 
female fœtus, length 24 cm. from vertex to coccyx. External appearance is 
shown in fig. 6. Limbs and trunk were well developed in form and muscula- 
ture. External genitalia and anus normal. Head is hydrocephalic, cireum- 
ference 41 cm. (oceipito-frontal). Face and oral cavity normal. Spina bifida 
completa extends from level of eighth thoracic vertebra to that of the upper 
margin of sacrum. 
Dissectton.—On opening the ventral body wall a ТТА hernia ів 
‘geen, the greater part of the abdominal contents occupying the left thoracic 
cavity. The right side of diaphragm is normally developed, the left side 
presents a widely open pleuro-peritoneal hiatus, through which the whole of 
the stomach, small intestine, appendix, the first part of colon, spleen, and left 
lobe of liver protrude into left chest. The heart and pericardium are normal 
except that they are pushed to the right of tbe mid-line by the herniated 
viscera. Right lung is normal in shape, atelectatic, smaller than normal on 
account of pressure: left lung is very small, about one-fourth normal size and 
flattened. Thymus is displaced toward the ‘right, but otherwise normal. 
Examination of the abdomen shows it to be occupied by the right lobe of liver, 
which is normal except for a distortion in shape due to the herniation of its 
eft lobe and to the abnormal position of the other viscera, and by the 
escending colon and a large convoluted sigmoid, which occupy their normal 
sitions. The adrenals and the genito-urinary system are normal. 
Microscopic examination of the organs was not made, as they gave no sign 
structural abnormality. 
keleton.—Maceration for slight anomalies was not done because of the 
to keep the specimen for demonstration purposes. So far as could be 
ed without maceration, the skeletal system is normal excepting that 
ia is typically hydrocephalic, its sutures very wide, and the bones 
soft. The base of skull and the cervical and tpper seven dorsal 
re normal. The lower five dorsal and all the lumbar vertebrae 
ge flaring laminæ which are curved with the convexity anterior, so 
resent on the dorsal surface a wide shallow ditch. The prominences of 
these laminæ are clearly distinguishable beneath the thin parchment skin of 
the region (fig. 7). Ossification centres are normal in site and size, in the 
bodies and laminæ. The sacrum is normal. 

Nervous system.—Accurate examination of the brain was impossible because 
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Ета. 6.—Cago І, myelocele. External appearance of specimen before dissection, 
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Fra. 7.—Овве I, myelocele. Cross кееноп through region of twelfth thoracic segments of 
e cord. 
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of the imperfect preservation of ie potion of the central nervous system. 
The lateral ventricles are greatly distended with fluid and the cerebral cortex 
is thinned to a layer varying from 4 or 5 mm. to the thinness of tissue paper. 
The choroid plexuses of the lateral ventricles are large, but present no other 
apparent abnormality. The cerebellum is poorly preserved and appears fo 
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/ be represented by a mass of loose hämorrhagie and very vascular connéetive 
‘tissue, with a small amount of nervous tissue at its base, apparently represent- 

„ing the peduncles. The mesencephalon, pons and medulla are macroscopically 
normal. 


The spinal canal was opened from the foramen magnum to the level of the 
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fluid remained constant. Operation by Dr. J. E. Thompson, July 8, 1929, 
under ether anesthesia. From the start the baby took the anwsthetie badly 
and artificial respiration had to be resorted to before the commencement of the 
operation. After this preliminary trouble, however, the respiration, though 
weak, was regular, and the heart fairly strong, A transverse incision was made 
and the sac opened. The filum terminale and a pair of nerve filaments wers 
found to Ье spread’ over the lower “extremity of its inner wall and these were 
removed with this portion of sac wall; Attached to the middle of the sae was 
the termination of the cord with its nerve trunks running down across the 
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Pedicle of Ist sacral vertebra Pedicle of 20d. Lumbar vertebra 


Fic. 10.— Case III, lumbo-sacral cystic myelocele. Longitudinal section through worte- 
ral spines; exposure of pedicles of vertebrie on right side; right nerve roots above lesion 
shown; right: nerve roots below lesion cut short; left sac wall and left roots within sac 
shown coursing across cavity. Drawing made from a composite of operative and posi- 
mortem observations. * Levels of microscopical sections indicated by ietters a, b, c, d. 


cyst into the foramina. This terminal portion of cord was cut across and the 

antral canal found to be. rather large, horseshoe-shaped and attached to but 
sed by the-parchment skin ’of the sac, This was about the level of thefirst 

l vertebra. Above and below this point the parchment skin merged with 

of wellormed. dura, which was dissected free on each side and the 
tured over the cord with chromic gut stitches. The remaining pare” 
dissected till normal skin was reached and this was sutured. The 

he table in a serious condition of shock and within the next hour 

еее convulsive movements of the whole body; including the legs 
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and feet. Death occurred within three and a half hours after the completion 
of the operation. Only a partial autopsy could be obtained and had to be 
limited to the affected area, so that observations on the condition of the 
internal organs and upper part of the central nervous system are unfortunately 
lacking. The lower four lumbar vertebre, sacrum and coceyx, were removed 
in their entirety with the surrounding tissues. 
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Fig, 11.--Case III, lumbo-sacral cystic myelocele, Dissection of spécimen as remove 
post mortem. Bodies of vertebra split in anterior median line, exposing cord from its 
auterior aspect. On the left side the vertebre have been further dissected to show the 


pedicles, 


Description of myelocele.—For the sake of clearness the description her 
given, like the accompanying diagram of the longitudinal section (fig. 10), wi 
be a composite of operative and post-mortem observations. The source 
the information on each detail-will be readily seen, but any atten 
separate the two sets of findings complicates the discussion” tunnece 
The laming and spine of the second lumbar vertebra are normally d 
The pedicles and transverse processes of the vertebral arches of the 
fourth lumbar are normal, but the lamin and spinous processes 
ward, the vertebral foramen being closed dorsally by a dense fi 
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Mo the'roof of the: sae, where it flattens out and adheres to the middle of ats 
roof. Above its point of attachment a fairly strong connective tissue septum 
extends downward fromthe sae roof to the lateral surface. of the cord, 


where it blends with: the nz, Where the cord passes . into the normal canal 


above, Te., at the пес" of the sac, this septum is very narrow апа fuses 


on the ventral side wit, the pia. around the cord and on the other with the 


dura mater of the sad wall. In the ‘dissection only the left side of the cord 
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FIG, 17.—Case V, bo-sacral cystic hydromyelocele, Longitudinal section through 
час as removed at. ) Cord had collapsed as result of a fixation from the point b 
npwards, and is represented in its dilated conditi n In all other respects the drawing 
iveurately reproduces the condition of the preser ;pecimen,'. A probé is passed into the 
right lateral pocket of the dilated cord cavit o ical sections indicated by 
letters a, b, c, d 


shows this septum, but along its right oct there is evidence that a simila 
septum had been cut away, and ut in the original condition the cord wa 
slung’ Between these two. On examining the posterior portion of the cor 
hetween' the septa, it is found to be degenerated a to. bear no. postérk 
root fibres. Where the cord emerges from the canal and enters the si 
nerve roots may be seen to pass from its posterior surface and 

with the upper part “bf the roof of the sac as shown in the diagram. 
anterior surface of the cord appears to be normal and. its nerve roots 
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8.—Oase V, lumbo-sacral cystic hydromyelocele. Photomicrographs of sections 
made At levels indicated in fig. 17. Upper section is from a normal cervical cord 
m fostus for comparison, under the same magnification as other photographs. 
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externally by the parchment skin of the miyelocele, ‘of which the’ external 
appearance is shown in fig. 20, B. It will be described in detail later. 
Dissection of the spinal cord and meninges above the level of the fifth 
lumbar vertebra shows that the meningeal layers are normal, but the dural 
sheath is somewhat collapsed, the epidural space being occupied by a geli 
tinous exudate, and the vascular and fatty tissue normally found here is 
reduced in quantity. The spinal ganglia are normal in size and position in all 
this region of the cord, but the dural sheaths of the spinal nerve roots, which 
should incline very slightly caudalward in the lower thoracic and lumbar areas, 
have a transverse direction. On opening the dura-arachnoid the cord is found 


to be soft and poorly preserved, so that only with great care in handling can 
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. Meningocele—rachischisis incompleta restrieta of Class 1, В. 

History —D. M; female, aged 11 months, John Sealy Hospital. 

No family history of deformity nor nervous lesion. Child is healthy: 
well-developed except for the presence of ja lumbo-sacral tumour. Cor bre 
- bladder and bowels. appears to be normal. Baby presents a small cong 
“tumour covered by parchment skin, about 14 in. in diameter, oceupying Ё 
‘sacral region. ‘It is tense, its surface is unbroken, and is slightly vil o 
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For this reason all statistical and practical considerations have been 
deferred to this place. Neither time nor opportunity has sufficed foi 
a complete study of all the available writings on the subject, yet it 1s 
hoped that this survey, in spite of its incompleteness, will not he without 
value. All matters which do not have a direct bearing on the anato- 
‚mical study presented have been omitted. 


Statistical Summary. 


Frequency.—The Report of the Committee on Spina Bifida of the 
London Clinical Society, presented to the Society in 1885, cites the 
following frequency statistics: “Dr. Demme found 57 cases of spina 
bifida in 36,148 children; Chaussier records 22 cases among 22,293 
children in the Paris Maternité."  Harrar, in 1916, found 59 cases of 
spina bifida in 91,600 births in the Lying-in Hospital in New York. 
Grouping these figures we have an incidence of 1 in 900 births. 
Joseph gives the frequency of “spina bifida with tumour" as 1 in 
1,000 births. Both these percentages omit the cases of spina bifida 
occulta, since these are not: discoverable in the infant except in very 
rare cases. 6. N. Clark gives the percentage of spina bifida occulta as 
5 per cent. of all cases, but he evidently refers to cases giving rise to 
nervous symptoms. The mild varieties in which cleft of the laminæ or 
of the spines alone occurs without symptoms of pressure on the cord 
are fairly frequently encountered in the dissecting room. No facts 
regarding the percentage of all cases which are sufficiently limited to 
be of surgical importance are available. 

Locality.—In 385 operative cases treated by excision, collected by 

. E. Moore in 1905, the locality is given as follows: 23 per cent. 

cral; 34 per cent. lumbar; 24 per cent. lumbo-sacral; 43 per cent. 
thoracic; 94 per cent. cervical; two cases were occipital. This repre- 
ents the localization of the restricted (operable) variety of lesion only, 
ut it is in such cases that locality is of practical importance. 
^s . Type of restricted lesions.—Unfortunately Moore does not give the 
percentages of different types of tumour encountered in his collection; 
doubtless in many of the cases he collected there was no specific infor- 
mation regarding this feature. Fenner places meningoceles at 10 per 
cent. and meningo-myeloceles at 70 per cent. to 80 per cent. of the 
cases. In a total of 170 cases in which accurate anatomical data are 
given, collected by the writer from the literature cited in the bibliography 
appended to this paper, the percentage is as follows: 7 cases (+'1 per 
cent.) spina bifida occulta (with symptoms); 4 cases (2'3 per cent.) 


+ 
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“ meningoceles with adherent cauda equina ”; 86 cases (21-1 per cent.) 
pure meningoceles; 120 cases (70° 6 per cent.) Hole meningoceles ; and 
8 cases (1'7 per cent.) syringo-myelo-meningoceles. AË the meningo- 
celes only in this series presented no nervous lesion, this indicates 
that 78 per cent. of all restricted cases involve the cord or its nerve- 
roots to some extent. From the point of view of operability and func- 
tional result this is a matter of prime importance. 

Complications.—In non-viable cases unassociated anomalies—hare- 


_ lip, ectopia vesicæ, non-paralytic club-foot and other more widespread 


abnormalities—are very common. In viable cases they are less frequent, 
but still sufficiently so to call for comment. 

Nervous complications are of even greater frequency. Among 359 
cases collected by the London Clinical Society, in wkich the complications 
are stated, 46 had hydrocephalus. These are cases in which the patients 
had restricted lesions. Harrar in the records of 68 cases in the Lying- 
in Hospital found 23 cases of primary hydrocephalus and 10 developing 
hydrocephalus following operation. The greater number which he 
found are doubtless due to the fact that his records include all cases 
observed, whether viable or not. 

No facts regarding the incidence of hydromyelia are available. From 
my. own very limited experience it appears to occur in a high percentage 
of those cases in which the cord is involved in the lesion, whether there 
be hydrocephalus or not. Thus in Cases I and VI there was hydro- 
cephalus and hydromyelia above the open cord segments; in Cases III, 
IV and V there was hydromyelia without hydrocephalus. Information 
regarding the condition of the cord in the single case of meningocele 
reported (Case VII) is necessarily lacking. The small proportion o 
restricted cases which show sufficient dilatation of the cord to fall in 
the class of syringo- (or hydro-) myelo-meningocele, represents, there- 
ore, only an exaggeration of a fairly frequent condition. Further inves 
tigation along this line is urgently needed. Post-mortem examinatio: 
18 not always essential to this, since careful examination of the cut endo 


‚the cord at the time of operation on cases with attached cord will reveal - 


any considerable dilatation which may be present, and while the extent 
of this lesion upward may remain uncertain, it appears to be practically 
certain that a dilatation which is plainly visible at this point involves 
a considerable number of segments above. All cases in which complete 
autopsy findings can be obtained should be investigated with reference 
to this feature. 

Paralyses of the sphincters or of the legs, and loss of sensation 


A, CONTRIBUTION TO THE ANATOMY OF SPINA BIFIDA 97 
i 


over areas supplied by nerves involved in the lesion, are encountered 
in the exact proportion in which one finds involvement of the cord in 
the lesion, and’ are a direct result rather than a complication of the 
disease. | 

‚Course of the disease.—A large proportion of untreated cases die 
within a few months. Thus of 649 deaths due to spina bifida, occur- 
ring in England in the year 1882, most of them in untreated patients, 
612 were in the first year of life. Of 68 cases reviewed by Harrar (59 
born in the Lying-in Hospital and 9 others sent in for operation) 
7 were stillborn, and 29 died untreated within a few weeks. The 
other cases of his series were submitted to operation. Of 49 fatal 
cases of untreated restricted lesion collected by the writer, in which 
the cause of death is definitely stated, 14 died of marasmus, 7 of 
intercurrent infection, 2 of hydrocephalus, 23 of rupture of the sac, З of 
convulsious (i.e., meningitis). Accurate statistics of such untreated 
cases are.very hard to obtain since untreated cases are but rarely 
recorded. In but a very small proportion even of the mild defects is 
there hope of recovery without operative interference, yet in a few of 
the less severe cases spontaneous cure occurs. In the 60 untreated 
cases recorded by the London Clinical Society, 14 cases (238 per cent.) 
were cured in the following manner: in eight there was a gradual 
shrinkage of the sac; in one it ulcerated and oozed for some time; in 
four it burst and later shrank away. The shrinkage of small tumours 
in this way probably accounts for a certain number of cases of spina 
bifida occulta, while others may be accounted for by a similar reduction 

f the tumour in intra-uterine life. 

Operative mortality.—In Moore's series there was 27 per cent 
primary mortality, with an additional 7 per cent. within three months 
after operation, bringing the total to 34 per cent. When one considers 

at the cases which are operated upon are all selected cases, this 
primary mortality is exceedingly high; moreover, a secondary mortality 
is to be expected, apart from operative.interference. Moore considers 
that ‘if all cases had been followed and reported, the probability is 
that the mortality at the time of, and a few months subsequent to, 
operation would be fully 50 per cent.” In view of this he considers 
that operative interference in children under 5 years of age is scarcely 
worth while, since it appears neither to reduce the natural death-rate 
nor to be attended by great functional success. On the other hand he 
takes the position that children who have survived to that age may be 
Er sefimitted to the risk of operation. 
d SLY. £ 
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As opposed to this view there is the great danger already alluded to, 
of rupture and ulceration of the sac. In 117 untreated cases collected 
from the appended bibliography, rupture of the sac occurred 27 times. 
In 97 of these cases in which the character of the sac 18 recorded, there 
was ulceration in 24. In the tive restricted cases considered in this 
report, there was rupture 1n one, gross ulceration of the sac in two, and 
microscopical evidence of inflammation in the shape of polynuclear and 
round cell infiltration in four. One sac was not examined micro- 
scopically. In the case in which Morton’s fluid was used death 
occurred immediately upon the injection, so that the inflammatory 
exudate was present prior to this treatment. Harmer found ulceration 
in 647 per cent. of his 34 cases. He further points out that he has 
found rupture of the sac in patients a few hours old, and suggests very 
early operation because of this danger and that of ulceration with 
subsequent meningitis. In view of the fact that few untreated cases 
are recorded it seems probable that these complications occur even more 
frequently than the figures would lead one to suspect. The primary 
operative mortality, so largely due to infection, might be materially 
decreased by very early operation, even though the secondary mortality, 
which depends mainly upon hydrocephalus and marasmus, be corres- 
pondingly increased. There appears to be no reason to consider that 
operation increases the percentage of hydrocephalus, in view of the large 
percentage occurring without interference and the number of cases 
that are accompanied by hydromyelia. It must be borne in mind in 
considering this that the.majority of successfully operated cases cef 
those which do not succumb to the immediate effects of operation, a 
shock, infection, ќе.) live longer than do untreated cases, and therefore 
a higher percentage die of hydrocephalus which would otherwise have 
died of the meningocele itself (rupture, meningitis, &c). Many 
surgeons, however, recognizing the high incidence of hydrocephalus, 
prefer to wait some months for its development before undertaking a, 
operation which they feel may be useless. 





Theoretical Considerations regarding Surgical Procedure. 


Operability —The question of operation upon cases with associated 
hydrocephalus, paralyses, &c., must remain largely a matter of ındı- 
vidual opinion. It 1s purely from the point of view of the us 
facts that I propose to discuss it. There can be no doubt that pure 
meningoceles should be operated upon, and in view of the possibility of 
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ulceration or rupture of the sac they should be treated early. Moreover, 
shock is almost certainly less in operations upon the spinal cord of 
young infants than in older children. Spontaneous cure is not to be 
expected in the great majority of cases, and the risks run by awaiting it 
are too great. In the cases in which there is some doubt as to the 
piesence of nerve elements in the sac, evidences of paralyses, especially 
of sphincters, and anesthesia round the anal margin or on the back of 
the thighs, are of value. Ulceration of the sac wall, a thickened band 
down the middle of a thin sac wall, and a vascular granulating surface 
with umbilication, are valuable diagnostic indications of adherence of the 
_cord. The presence of skin covering the whole of the sac does not rale 
out myelocele. It must be borne in mind that meningoceles are in- 
frequent and myelomeningoceles frequent, but that but few meningo- 
celes have broad bases. Transillumination of the sac has been suggested 
for finding the presence of nerve roots, but ıt seems possible that this 
might lead to error, as adventitious meningeal adhesions sometimes 
occur. In contemplating operation on those cases in which cord is 
known or suspected to be present, one should consider that in this 
type spontaneous cure is practically never attained; that ulceration is 
exceedingly frequent and meningitis therefore the almost inevitable out- 
come; that not only is the cord below its attachment to the sac practi- 
cally useless, but the attachment is dragging upon the relatively normal 
cord above and jeopardizing its function. This is a matter which has 
ot been given due weight in considering the advisability of operating 
this type of case, though the traction on the cord has been recognized 
all careful investigators, as is shown in the diagrams of my cases. 
mage already done cannot be repaired by relief of tension, but at least 
conditions can be rendered more nearly normal for the further 
elopment which goes on after birth. 
Methods of treating the sac.—Stress has always been laid upon the 
l dissection of nerve roots from the sac wall, and rightly so, if 
e attached to a relatively normal cord. Many observers, however, 
recognized that the nerves were inseparably bound to the wall of 
ac and have failed to realize the true significance of this. They 
not seen in the thickened band of sac roof, to which nerve roots 
the malformed, practically useless segments of the cord without 
the nerve radicles are valueless, and have dissected free roots that 
erve no purpose. La Ferte and others, recognizing the impor- 
reserving the cord, have attempted to turn in the portion of 
which it is attached, with the result that meningitis has 
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followed with great frequency. When one considers that it is almost 
impossible to dissect free any of this attached part of cord, and that 
inevitably one must leave some skin with it if one preserves all the 
mervous elements, the avoidance of meningitis becomes practically 
impossible. Nor does it appear to be wise to make this attempt in view 
of other matters. The cord segments distal to the point of attachment 
‘to the sac roof, as shown in this report and in other similar cases 
reported by previous investigators, are so poorly developed and so 
damaged by inflammation and epidermal overgrowth, that they are 
practically functionless; this can be demonstrated histologically and by 
the neurological examination of the regions normally supplied by them. 
There is, therefore, nothing to be gained by their preservation. All 
that can be hoped for is that the segments above the cord lesion may be 
so far as possible preserved from further harm. To accomplish this the 
end of the cord must be cut free and allowed to slip up into the canal. 
An adherent plug of sac wall left by the operator is comparable 
anatomically to the adhesion of skin or fibrous tissue to the cord found. 
in spina bifida occulta. Theoretically at least delayed traction or 
pressure symptoms may be expected here as in the primarily occult 
cases. Nor can one overlook the danger of an inclusion dermoid 
developing from the buried epithelial cells of the sac-wall. This is 
‘especially the case where skin covers or almost covers the whole of the 
roof of the sac, for in such cases deep skin glands may lie in almos 
direct contact with the lateral parts of the cord tissue. These delaye 
‘effects are not ordinarily reported, because but few cases whe 
the patient survives to adolescence report to the surgeon who h 
operated, and this is probably particularly true of the cases with n 
symptoms. Such patients, dissatisfied with the result of the first tre 
ment, are likely to seek some other surgeon who is ignorant of 
precise anatomical state and method of procedure at the primary 
tion. It is difficult to trace successful cases after a number of 
have elapsed; it is even more difficult to trace failures. In the 
‘of the anatomical condition in cases with attached cord, ther 
the rational procedure is to cut free the cord as close to sac wall 
possible without leaving any attached inflammatory or surface epithe 
‘and to injure as little as possible by ligature or by handling the e 
this normal cord and the nerve roots attached to it. From 
theoretical reasons it would appear to be preferable to li 
anterior median vessels with very fine ligatures without incl 
entire cord, since compression of the cord within the pi 
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a considerable portion of it. Excéedingly delicate ligatures and a very 
fine needle should be used for this, and the ligatures used as tractors to 
` steady the cc."  hile' it was being freed from the sac wall. With п 


view to pr as much as possible of the healthy cord the line of 
section, \ade parallel with the sac roof and not transversel¥ 
acros, a \ 

ое | also be directed to the nerve radicles which arise 
па à E : portion of the cord. Nerve roots in connection 
with $ >gments within the sac run in contact with the 
cord 1 the roof of the sac. To this they are adherent, 
and fi ! back freely through the sac to their foramina. 


This f... is demonstrated in Cases III, IV and V. The difficulty 
in recognizing them is caused by their abnormal direction and adher- 
ence to the sac, so that they appear to arise from the involved segments 
of the cord in the sac wall. If the intra-cystic portion of the cord is 
carefully examined these roots may be traced from their origin and 
should then be carefully freed from the sac wall before the cord is cut 
free. If the anatomical relations are kept clearly in mind the recog- 
nition and dissection of these roots should not be impossible under the 
conditions of ‘operation. The increase in paralysis after operation, 
often encountered in this type of case, is probably in many instances 
due to section of these radicles, and not to the section of radicles which 
arise from the segments of cord which are adherent to the sac wall. 
Post-operative recovery.—Except in the cases of spina bifida occulta 
ith pressure symptoms, and in a small number of meningoceles in 
hich there is adherence or traction of the nerve roots but no lesion of 
e cord, no improvement in function is to be expected as the result of 
eration. What may be hoped for is that the function of segments 
ve the lesion will not be subjected to further impairment by the 
tion of fluid or the presence of inflammation. In but few cases 
en of pure meningocele is there perfect function of the sphincters. 
is leads one to suspect some cord involvement, perhaps only to the 
ent that the closed cord is drawn down out of its normal level into 
floor of the sac. This probably indicates, as noted in the description 
se VII, that the initial lesion was in the neural ectoderm and that 
evelopment of the lower segments of the cord was interfered with 
e extent. In operating upon these cases, therefore, one must be 
‚ed for some loss of function of the sphincters, and must remember 
difficulty of determining this accurately in the very young 
appears to be practically impossible in many cases to 
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determine without undue risk to the patient whether the nervous tissue 
lying in the floor of the sac is the caudr—equina, as it should be in a 
lumbo-sacral tumour, or the end of the 1 itself Nevertheless, this ` 
should be determined as nearly as possible, and where there is any 
doubt in the matter this doubt should be stated definitely in the notes. 
After reading many case reports in which cord and nerve radicles were 
said to be absent from the sac, and yet there was incontinence of urine 
and fæces either before or after operation, one cannot help feeling that 
some uncertainty existed at the time the observations were made. This 
is a matter of considerable importance for the surgeon, since the opera- 
tion which is followed by incontinence where none has been predicted 
is distressing, and leads the parents to blame the operator though he 
may not be at fault. 

Where there 15 paralysis of the legs, it may be taken to indicate 
almost certainly that there is an adherent cord in the sac, and in view 
of its poorly developed and degenerated condition it may be further 
assumed that the paralysis is not remediable, even“in the rare cases in 
which circumstances will permit the preservation of part of the degene- 
rated cord. For the purpose of prognosis and also for the advancement 
of the general scientific knowledge of the subject, the sac wall in such 
cases should be submitted to systematic microscopic examination. Until 
this 1s done and careful reports of the state given with case reports, the 
results of different methods of treating the sac, and especially the prognosis 
of different types of case as regards late functional results, cannot be raised 
above the level of speculation. In this connection it may not be out o 
place to recall the statistics of Saachtleben (quoted from Harrar), w 
found in an analysis of thirty cases from the Mikulicz clinic that fi 
only were permanently cured, and these were meningoceles. Har 
in his thirty cases found some paralysis in twenty. This was increa 
after operation in three; not affected in nine; and improved in eig 
Of these eight, five were slightly improved but died subsequently 
hydrocephalus or infection. One with pre-operative incontine 
showed improvement fifteen months later; one with paralysis of 
foot and loss of sensation in both legs recovered from the paralysis 
showed no change in the sensory loss; one with paralysis of the 
was well sixteen months later. From this evidence, Harmer conc 
that paralysis is in some cases due to traction: a strong argume 
favour of operation on cases with attached cord. 
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‚ THE question whether the cerebellar cortex is capable of responding 
‚to electrical and other forms of stimulation is at present unsettled. 

André-Thomas [1], who gives a résumé of the earlier literature, 

notes that stimulations evoke less constant effects than experimental 

+ destructions. He also comments on the great diversity of opinion 
expressed: some observers attribute definite responses to the various 
regions stimulated; others deny the excitability of ‘the cortex, whilst 
admitting it for the intracerebellar nuclei. 

The view last expressed is that maintained by Horsley and Clarke 
[7], who ascribe the results occasionally yielded by cortical stimulatior 
to spread of current to the intracerebellar nuclei. They emphasiz 

_ à fallacy, which doubtless entered into much earlier work, namely, 
facility with which the effects of excitation may be vitiated by curr 
escape to the nucleus and rootlets of the accessorius nerve. 

As the outcome of researches on the dog and monkey, Rothmann [ 
arrived at conclusions which diverge materially from those of Horsl 
‘and Clarke. Stimulating with the bipolar method, the animal b 
in morphine-ether narcosis, he found the threshold much higher + 
that of the cerebral cortex. Whilst admitting that some movem 
of the fore-limb may be due to, current diffusion to the intracerebe! 
nuclei (dentate nucleus), he considers that certain characteristic t 
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movements in the fore-leg, elicitable from the anterior surface of the 
cerebellum, are an expression of genuine cortical excitation. He was 
able to prove'that the impulses concerned in this response are conveyed 
by the superior peduncles and rubrospinal tracts. 

It should be remarked in passing that the conclusions of this writer 
show but little agreement with the localization theory of Van Rynberk 
[10]; this theory has. more recently been accorded the support of 
André-Thomas and Durupt [2]. 

Although Rothmann fails to comment on the mode of causation of 
the "running movements” (“Laufbewegungen ”) at times elicitable 
from the anterior part of the vermis, it is probable that he considers 
them due to excitation of the cortex. It may be inferred, then, that 
he regards the cerebellar cortex as excitable. 

Beck and Bikeles [3], who repeated earlier experiments of Magnini, 
conclude that strychnine and phenol are without action on the cortex 
cerebelli, and, therefore, assert that it is inexcitable. 

Shimazono [13], however, applied strychnine to the cerebellar cortex 
of the pigeon and observed an increase of muscle tonus on the same 
side of the body. 

Beck and Bikeles [4], reverting to the problem, deny any increase 
of tonus in either pigeon or dog as a result of the action of strychnine 
on the cortex and, in consequence, reaffirm their original thesis that 
the cortex is inexcitable. 

After denying the excitability of the cortex, the same authors assert, 
with curious inconsistency, in a subsequent paper [5], that cooling does 
ot depress the excitability of the cortex. Failure to mention any 
efinite reactions makes ıt appear probable that, whatever responses 
ay have been induced, they were excited by action of the current 
sewhere than on the cortex (trigeminus, accessorius or nucleus gracilis 
cuneatus, vide Horsley and Clarke [7]). Such an interpretation 
uld afford a plausible explanation of the lack of change on cooling. 
Similar criticisms apply to the conclusions of  Bikeles and 
szewski [6] that cocaine does not lower the excitability of the 
ex. 
onsideration of the conflicting statements outlined above reveals 
esirability of further evidence regarding the question of the excita- 
of the cortex cerebelli. The idea that the cortical neurones are 
ble appears natural and logical, and its proof demands only the 
n of a suitable test reaction, which might be evoked by currents 
tensity, the action of which would extend but a slight distance 
e surface. : 













Po >= 


106 B ORIGINAL arias . AND. CLINICAL’ CASÉS ' 


*^ ' А reaction, fulfilling - these КЕТ, was "dasstibed ES Shor- as 


‘rington [11] : ‚when the anterior surface of the cerebellum i is faradized 
‘ there ensues an ‘immediate inhibition of the “ decerebrate rigidity ” 


- previously evoked by ablation of the. cerebral hemispheres. Accordingly, | 


. this inhibitory response was employed in the present research ás а means 
` o£ deciding the question whether the, cerebellar cortex is excitable. 


т 


' on this subject which have come to'our notice are those of Thiele [14]: 

As a result of such stimulation he observed, in particular, movements 
' of the ipsilateral fore-limb consisting be protrusion x: the oies ‚and ' 
flexion at the elbows, 


 Мвтнор8.. 


| The bipolar method of stimulation was chosen i in the noni of | 
n s “experiments, since it appeared that the current would be confined to 
“the cortical layers of neurones in a manner scarcely possible in the 
unipolar: ‘method. The platinum electrodes terminated in small beads 
imm. apart. , When precise localization ‘was necessary recourse ‘was 
had to'the unipolar method, the astigmatic electrode being of the usual 
Sherrington type. The inductorium was operated by. two storage. 
-baïteries ;. an ammeter and rheostat were included in the. primary 
Pa ‘circuit and the resistance was so arranged that, whilst the hammer 
"was in ‘vibration, the ammeter showed a ‘reading of approximately 0 2 
ч ampére. At 135 тїш. secondary distance the current from ‘the bipola” 
electrodes was just detectable on the tip of the tongue. , > my 
= ‚The animal (cat) was anæsthetized with ‘chloroform - -and ether 
. Tracheotomy was performed and both carotids were ligated. Decerebrs 
' tion was performed with the decerebrator [12], the plane of the sectic 
lying ı about 27 mm. behind the frontoparietal suture; in a cat of medir 
. size. The level of ‘this section, somewhat anterior to that usual 
- employed, was chosen on account of the: mecessity of preserving f 
. tentorium cerebelli intact. The ‘plane lies usually just in front of 
' posterior. colliculi. Following the decerebration a small serrefine , 
T _clamped on the divided basilar artery. The latter procedure perm’ 
"of the immediate’ ‘continuance: of the experiment. | The head was 
- supported at a convenient height in a'clamp applied either to the j 
-'jaw ‘or to the skull. Precautions were observed to keep the cor’ 
normal: condition. by the application . of ze wet with warm 
‘solution.- i 


LA POT 


x ue 


“ . In the course of this work faradization was applied to the superior | 
cerebellar peduncle in a few instances. : The only previots, observations 3 
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RESULTS OBTAINED IN PRESENT INVESTIGATION. 


When stimulation of appropriate strength is applied to the anterior 
surface of the vermis! there results an immediate and general relaxation 
of the rigidity. The possibility that this inhibition is evoked, to any 
important degree, from the cut edges of the dura or through the 
trigeminus may be quickly excluded. The low intensity of the current 
(100 mm. sec.) and the position of the electrodes in the mid-line 
render it practically certain that no physical spread can occur to the 
dural margin or to the trigeminus, both of which are too far distant. 
Furthermore, we found that the application of 1 per cent. cocaine 
hydrochloride to the edge of the dura did not modify the reaction in 
any way. Hence, it may be concluded that the inhibition is evoked 
from the cerebellar substance. 

Possible influence of the current on the internal nuclei in con- 
tributing to the effect must next be considered, and the evidence which 
renders this factor unessential will now receive attention, 

In the first place a “healthy " vascular condition of the cortex is 
necessary for the production of the response by weak currents. The 
development of anæmia immediately abolishes the reaction. In these 
respects the cerebellar cortex closely resembles the cerebral cortex. 
Moreover, the inhibition is elicitable by weak currents (100 mm. sec.), 
which are, indeed, less intense than those required to excite the 
cerebral cortex; in one experiment the threshold for exciting hind hmb _ 
movements from the cerebral motor area was not attained until the 
secondary coil was at 58 mm. This observation is contrary to those of 
Beck and Bikeles [5]; the possibility, however, has already been 
suggested that some, at least, of the reactions described by these 
writers were caused by current escape to the trigeminus or accessorius, 
ather than by direct stimulation of the cerebellar cortex. Under 
hese circumstances the current strengths they employed would not 
ndicate the degree of excitability of the cerebellar cortex. In support 
f such an interpretation of their results, we would mention that we 
bserved that approximation of the electrodes to the vicinity of the 
igeminus yields marked postural changes in the ipsilateral fore-leg, 
d that direct stimulation of the nerve itself with weak currents 
O mm. sec.) causes flexions and claw movements in the same limb. 












The terms “© vermis" and “lateral hemispheres ” are retained in the present paper, since 
nomenclature of Bolk and van Rynberk offers no advantages in relation to the problema 
estigated. 
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If we admit that the inhibition is called forth in the cortical 

neurones we may naturally expect -abolition of the response by the 
‘ application of cocaine. Accordingly, the response was induced’ from 

the anterior surface of the vermis by a minimal current and a 1 per 

cent. solution of cocaine hydrochloride containing a little methylene 

blue was then apphed. Stimulation of the original intensity repeated 
after about one minute yielded no response. It is reasonable to suppose 
‚that the influence of the cocaine was mainly on the cortical neurones 

and that, therefore, the inhibition had been induced as a result of 
‘excitation of these neurones. 

The evidence given above leads to the logical conclusion that the 
inhibition is induced as a consequence of a state of excitation in the 
‘cortical neurones or, in other words, that in respect to this reaction 
the cerebellar cortex is excitable. 

Sherrington [11] describes the “inhibitory area ” as extending over 
the anterior surfaces of the vermis and lateral hemispheres. With the 
intention of studying the cortical distribution of the response, we | 
explored the cerebellar surface in other situations. In one experiment 
small portions of the vermis were successively exposed and each portion 
was tested with a weak current (98 mm. sec.). It was found that the 
vermis yielded inhibition from its most anterior part backwards to 
about 3 mm. above the medulla oblongata; farther than this it was 
impractical to go, owing to action of the current on the medullary 
centres. The inhibition affected all four legs; although the remainder 
of the body was not observed specially, ‘it probably shared in the 
reaction. ` | : 

Conclusions regarding the results of faradizing the anterior surface 
of the lateral hemisphere are only permissible when currents of low 
intensity are employed. In the case of stronger currents the possibility 
of diffusion to the cut dural margin or to the trigeminus or accessoriu 
must be considered. Sherrington obsetved modifications of the rigidity, 

` as a result of stimulation of the edge of the dura. He also note 
alterations induced reflesly through ihe trigeminus [11], whilst w 
ourselves (vide supra) obtained changes in limb posture as a result 
the action of weak currents on this nerve. Our observations show 
that the inhibition elicitable from the anterior surface of the late 
hemisphere reveals itself most intensely in the ipsilateral limbs 

. more noticeably in the hind-leg than in the fora-leg.. Fig. 1 indica 
“the extent of the anterior cerebellar surface, on one side, from whi 
the reaction was evoked. f 
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The effects elicitable from the posterior surface of the lateral 
hemisphere have not yet been studied sufficiently to permit of drawing 
definite conclusions. 

In a number of experiments faradization was applied to the superior 
cerebellar peduncle. In one experiment the cerebellum was removed; 
subsequently the rigidity first increased and then disappeared completely 
(cf. Weed [15]). Bipolar stimulation of the right superior pedunele 
(82 mm. sec.) then yielded rhythmical opening and closing of the claws 
of the right fore-leg together with running movements in both hind- 


4 


' 


FiG. l.—Anterior surface of cerebellum of cat, x 2. Aq. Syl, aqueduct of Sylvius 
B, bristles indicating extent of * inhibitory area!’ on one side; O.P., colliculus posterior; 
S.P., suleus primarius (Bolk). 


legs. The unipolar method was ‘then’ substituted, the indifferent 
lectrode being secured to the left hind-leg. Stimulation was applied 
to the same situation as in the bipolar method, the secondary being at 
100 mm. There resulted the same type of claw movements in the right 


ore-leg ; these movements are very characteristic and resemble those 


oted in a stroked cat. Because of the attachment of the indifferent - 


ectrode the hind-legs were not observed. 
A bristle’ was inserted at the point yielding the reaction just depicted. 


ctions were prepared and were stained by the Weigert hematoxylin’ 


ethod. The bristle is found, on examination, to be situated in the 
ight brachium conjunetivum (fig.2). The electrode was applied at the 
oint of entrance of the bristle into the brain-stem. 


b 
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"That the effects just mentioned are in reality due to stimulation of 
[р the brachium conjunctivam and are not caused reflexly is rendered 
i "practically certain, since claw movements of the same character were 
-elicited by faradization of a point in the interior of the cerebellum at a 
E | particular stage in its removal. In this instance a tract destined to 

nter the brachium conjunctivum was doubtless stimulated. 












уо. 2.—Section through the pons of a cat's brain, х 6. B, point of entrance of 
ES bristle, indicating position of electrode by which claw moyements were evoked in right fore- 
$ leg; Br.C., brachium conjunc tivum ; F.i p., fasciculus longitudinalis posterior; Mes. V. 

` mesencephalic root of trigeminus; P., pons, 





ee We may conclude, therefore, that stimulation of the brachium con- 
Hünctivum induces claw movements in the ipsilateral fore-leg. With 
“respect to the exact localization of the running movements of the 
ind-legs evoked by bipolar stimulation, further experiments are in| 
"progress. 
"= Thiele [14], whose observations on stimulation of the superi 
‘peduncle were cited in the introduction, does not mention the occ 
“rence of reactions like those noted in our experiments. 
[ A variation from the usual inhibitory response of the cerebellu 
< was noted in a few instances. Stimulation of the anterior surface ( 
“the vermis over the area outlined in fig. 3 resulted in the following 
É бүресе of events. 
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(1) Inhibition of rigidity in both fore-legs ; 

(2) Increased rigidity in the right fore-leg and inhibition of rigidity 
in the left fore-leg ; 

(3) Walking movements of the fore-legs, during which the increase 
and decrease of tonus appeared reciprocally in the two legs. 

Concurrently with these fore-leg reactions there developed in the 
hind-legs first walking and later running movements; movements of 
the claws also occurred in the hind-legs. The running movements 
recall the “ Laufbewegungen " of Rothmann [9]. 


* 










Fic. 3.—Anterior surface of cerebellum of cat. x 2. Faradization of area enclosed hy 
tted lines yielded walking in fore-legs and walking and running in іп Лера The figure 
ows the specimen after removal of part of the mid-brain subsequent to evoking the reac. 
ns described, 


During the course of another experiment, in which stimulation of 
esame region yielded mainly-inhibition of all fore-legs, it was once 
ed that a few walking movements of the hind legs resulted, 

Since the walking and running movements just mentioned may be 
ed with currents of low intensity which at times yield inhibition, 
since the inhibition itself has been shown to be a cortical response, 
logical to conclude that the walking and running movements are 
an indication of cortical activity. Hence these observations afford 
itional evidence in favour of our main thesis that the cerebellar 
tex is excitable. 


pr.“ Localisations WER Paris, 1914 
. "Zentrabl. fo тыы, 1919, 25, A006." 
Ibid., 1014, 28, 
_1bid., 1914, 29,1. 
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a There was very great enlargement of the pituitary fossa, chiefly at the 


expense of its anterior margin. The®posterior clinoid processes were also 


© pushed: backwards. 


On microscopical examination the tümour tissue is seen to be composed 
of branching epithelial masses of various shapes projecting in all directions 


“and enclosing cystic spaces (fig. 4). Some of these cystic spaces contain a 


serous looking substance, and others organizing fibrinous matter. Calcareous 
deposits are also found within them. The cells of the outer layer of the 









Fic. 4.—Case 9. Photomicrograph of section of that part of the tumour adjacent to t 
infundibulum showing branching epithelial masses enclosing cystic spaces and neurogli 
tissue intervening between the epithelial processes. 


epithelial masses which are in contact with these spaces are columnar 
the more centrally placed are polygonal. Occasionally in the central 
of some of the strands the cells are flattened. In that portion of the tun 
adjacent to the brain there is a large amount of glial tissue intervening bety 
"Ehe branching cellular processes. The blood-vessels are scanty and thin wale 
they lie within the spaces and tend to channel the epithelial strands. 
Case 3.—W. L., aged 18, female, was admitted to the National Hospit 
under Dr. Farquhar Buzzard, on February 12, 1920, complaining of headach 


ids owing to failure of м Ophtha: 108 i 
mary optic atrophy in both eyes. Her pupils were w 
being slightly larger than the right. No reaction to lig 


odation was obtained in either. Both external and both int 
'eak,and there was a divergent squint which became a litt T 
he tried to Gon Verge: No abnormalities were detected | i 
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over it. The sella turcica was appreciably enlarged laterally and antero- 
posteriorly but was not abnormally deep. An attempt was made to dissect the 
к ‘tumour from the surrounding tissues but in doing so the cyst burst and much 
brownish fluid with numerous plate-like erystals of cholesterin escaped. 
A few large solid masses of crystals were also found within it, and one plate 
of hard calcareous matter was seen attached to the upper wall of the cyst. 
Min a sagittal section through the brain the tumour was seen to lie in the 
Wihid-line. The wall of the cyst was firmly attached to the floor of the third 
Wentricle and to the infundibulum from which it apparently had arisen (fig. 5). 
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A portion of the cyst wall examined microscopically was seen to be 
Ld p ` : N 1 ge ра 
formed of fibrous tissue only; no epithelial cell masses could be detected in it. 





WA x > ^ { > { : { ve 
ee Bia? 5.—Case 3. Mesia} sagittal section through brain showing right half of cyst in 
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In the first two cases described above the semi-cystic tumours wet 
apparently of the same nature. The tuniour tissue was composed c 
| jnests and branching masses of epithelial cells, enclosing cystic space 

the serous content of which was in the process of organization. The 
| epithelial masses were made up of several layers of cells; the basal « 

layer being composed ‘of columnar cells while the cells of the su] 
imposed layers were ‘chiefly polygonal., This epithelial tissue appe 
| to originate by the proliferation of the ependyma lining the гесек 
wainfundibuli. . In fact this was fairly definitely shown in: the first ca 
» The calcareous deposit) seen within the cystic spaces seemed to he 
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comparable to the tumours which develop in the jaw from the dental 
epithelium. All these cranio-pharyngeal tumours, however, do not 
present such a typical form of epithelioma. ‘Many of them have been 
described as being papillomatous, with flat-celled epithelium, and some- 
times as containing apparently isolated cell-nests. They thus resemble 
very closely the structure of the tumours of the first two cases described 
in this paper. Such neoplasms have also been reported by Harms [5], 
Kankeleit [9], Mackay and Bruce [14], Strada [18], Lewis [12], and 
Harry Jackson [8]. 

The cyst in Case 3, the wall of which contained only fibrous tissue, 
is evidently of a rarer type. Except that it apparently originated from 
the infundibulum, its origin is obscure. 

There is no doubt that growths of an epithelial nature are the most 
frequent type of supra-pituitary tumour. Other types of tumours 
which have occurred in this region are two instances of teratomata and 
one of an endothelioma described by Cushing [2]. Lockwood [13] 
records a typical cholesteatoma, Silfvast [17] a glioma and an endo- 
thelioma. A case of myxo-chondro-sarcoma was published by Mott and. 
Barratt [15], who also report a very rare instance of mycotic infection 
which, by irritation, had set up a new growth in the supra-pituitary 
region. : 

These tumours occurring in the supra-pituitary region generally 
produce fairly constant local and general symptoms. The chief local 
symptoms are those due to involvement of the chiasma and optic tracts, 
generally producing & bitemporal hemianopsia, and eventually total 
blindness with optic atrophy if the tumour is not partially removed by 
operation. In a late stage of the disease there is often increased intra- 
cranial pressure, brought about mainly by interference with the escape 
f cerebrospinal fiuid from the lateral and third ventricles. The 
neral symptoms, however, are much more interesting ; they generally 
proximate to the type of dystrophia adiposo-genitalis described 
iginally by Fröhlich. The outstanding symptoms are adiposity, with 
feminine type of fat distribution over chest, abdomen, hips and 
bes, and either non-development of the secondary sex characteristics 
the condition had occurred before puberty, or some loss of them if 
condition had commenced after puberty. Hence in cases in which 
Foe disease begins in childhood, the genital organs always remain 
infantile; the pubic and axillary hair never becomes more than very 
scanty, and in girls menstruation is never established. When the con- 
dition sets in after puberty has been established, cessation of menstrua- 
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“ion in women and impotence in men are early symptoms, and the 
‘genital organs gradually revert back to pre-adolescent state. There is a 
very decided diminution in the body hair; the axillary hair often 
disappears altogether, that over the pubes becomes very scanty. The 
béard and moustache become thin, or the patient may not need to shave 
so frequently as previously, although the hair of the scalp does not 
seem to be affected. The skin of these patients is generally very dry, 
‘and extremely smooth and delicate. Metabolism is often, though not 
always, deranged. Frequently there is an increased carbohydrate 
tolerance. In other cases, such as those reported by Newmark [16] and 
by Cushing [2], an outstanding feature was diabetes insipidus. Low 
blood-pressure, epileptiform seizures, and lowered mentality may also 
occur. The cause of these striking symptoms has been the subject of 
much investigation. On account of the involvement of the pituitary 
gland by pressure of these supra-pituitary tumcurs, the symptoms have 
been generally attributed to a diminished secretion of the hypophysis. 
This theory of hypopituitarism as the cause of Fröhlich’s syndrome has 
been strongly supported by the experiments by Cushing upon dogs. 
“He found that puppies deprived of all their pituitary gland, except a 
fragment of the pars anterior, became adipose, their sugar tolerance 
was increased, they remained sexually infantile, and skeletal growth 
‚was very greatly retarded. Similar experiments upon adult dogs pro- 
duced adiposity, increased sugar tolerance, and reversive sexcal 
changes. Further, he observed that animals deprived of only the 
posterior lobe of the pituitary gland acquired a high sugar tolerance and 
became very fat, and that intravenous injection of posterior lobe extract 
produced glycogenlysis, and its continued administration in excessive 
“amounts leads to emaciation. 

The exact relation of polyuria and Le to the pituitary glan 
is. still somewhat uncertain, but its occasional occurrence in tumo 
in the pituitary region indicate that the relation is a close o 
Newmark [16] bas described a case of severe diabetes insipidus, in whi 
a tumour occupying the region of the infundibulum was found to ha 
destroyed the pars nervosa and most of the pars intermedia. 
second case described in this paper had polyuria. It would, theref 
appear as if a destructive lesion of the pavs nervosa might resul 
polyuria. On the other hand, the oral administration of posterior lo 
substance in animals had been observed by Schäfer to have a diuretic 
effect. 

There is, therefore, much evidence correlating the state of dystrophia 
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adiposo-genitalis presented by cases of supra-pituitary tumour with the 
damage or destruction of the gland. It is also possible that the normal 
discharge of the posterior lobe secretion into the third ventricle via the 
infundibular cavity may be interrupted by the involvement of the 
infundibulum by the tumour. On the other hand, Erdheim believes 
that the Fröhlich syndrome may be caused by the growing tumour 
interfering with certain centres at the base of the brain apart from the 
pituitary gland. 

A perusal of the literature on the subject of supra-pituitary tumours 


shows that about 70 per cent. of these tumours are associated with 
Fröhlich’s syndrome. 

The writer is indebted to Dr. Gordon Holmes and Dr. Farquhar 
Buzzard for permission to publish their cases, and to Dr. Godwin 
Greenfield for taking the photographs which illustrate this paper. 
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. THE NERVOUS CONTROL OF THE URINARY BLADDER 
IN AMPHIBIANS.! 


BY F. J. F, BARRINGTON. 
(From the Laboratories of the Surgical Unit, University College Hospttal Medical School ) 


THE experiments described in this paper were undertaken to 

determine whether the normal evacuation of the urinary bladder in 
‚ amphibians depended on the integrity of some part of the anterior end 
of the hind-brain, ‘as has previously been shown to be the case in the 
cat [1]. 

The animals used were the common frog (Rana fusca), the common 
toad (Bufo vulgaris), the crested newt (Molge cristata) and the spotted . 

‘salamander (Salamandra maculosa). 

Various proportions of chloroform and ether dissolved in water were 
tried for the anæsthetic. One c.c. of ether to 100 c.c. of water appeared 
to be the best, and this mixture was used in the majority of the experi- 
ments. - The animals were put in a closed glass vessel containing such 
a quantity of this mixture that they were not completely submerged, 
and left there till all reflexes, including respiration, were abolished. 
Though given no further anesthetic they did not come round till a 
considerable time after the operation was finished. 

After operation the animals were kept till they were killed in a sin 
into which water was slowly dripping; the surface of the sink wa 
therefore always wet but there was not sufficient water in it to cov 
them. Most of the animals were kept two days after operation ; th 
were then killed with ether water, the abdomen opened and the deg 
of distension of the bladder noted. This can easily be determined 
frogs during life by a translucent area in the region of the bladder; t 
same applies to the other animals if a strong light is used. From 
observations it seems that two days was an unnecessarily long time, 
probably the same results would have been obtained if the period 

. been one day. 













1 The expenses of this research have been defrayed by a grant from the Dixon Fund of the 
University of London. 
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Tas ErrECT or REMOVAL OF PARTS OF THE BRAIN. 


Portions of the brain were removed in anæsthetized animals by 
removing part of the roof of the skull, dividing the brain transversely 
and scooping out the part anterior to the section; the skin incision 
was then closed. The actual position of the brain transection was 
determined after death and hardening in formalin by naked-eye 
examination. 

These experiments were made on fourteen frogs, length between 
5 and 7 cm.; five toads, length between 64 cm. and 9 cm.; eight newts, 
length between 114 cm. and 143 cm.; and eleven salamanders, length 
between 114 cm. and 154 cm. 

When killed the animals fell into two groups according to the 
appearance of the bladder; in the one it was tensely distended and 
marked abdominal distension was present, and in the other, even though 
containing a considerable amount of urine, its surface always had a 
crenated appearance; in no case was there ever the slightest doubt into 
which of these two groups to place an individual animal. Measure- 
ments of the bladder contents, though unnecessary, were in most cases 
attempted by delivering the bladder through an abdominal incision and 
opening it over a measure. In the case of the frog the figures obtained 
by this method probably give a fairly accurate idea of the degree of 
distension. In the toad and salamander the figures usually represent 
less than the actual degree of distension in the case of distended 
bladders, since in opening the abdomen a large amount of fluid often 
capes from the cloaca. This appears to be due to the absence of a 
ax skin like that of the frog. In the newt the bladder is so small that 
he drops adhering to the opened bladder, sides of the measure, &c., 
ay form an appreciable proportion of the bladder contents. In the 
s the normal maximum quantity of urine that can be collected in 
is way is probably under 2 c.c.; the amounts collected in those with 
er-distended bladders varied from 81 c.c. to 12 с.с. In the toad the 
тта] maximum appears to be up to 10 c.c.; the amounts collected in 
se with over-distended bladders varied from 10 с.с. to 59 c.c., in 
former a considerable quantity was known to have been lost. In 
newt the quantities collected from those with over-distended 
mdders varied from 08 с.с. to 1'2 c.c., and in the salamander from 
4 c.c. to 114 c.c. 

Removal of the fore-brain only, with one exception, was never 
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followed by an over-distended bladder; the exception was a salamander- 
and after hardening the mid-brain was found to have become softened. : 
In all cases where the transection was behind the cerebellum an over- 
distended bladder resulted. With the exception of one newt, on which 
not much reliance can be placed on account of the small size of the 
brain, all cases where the transection went between the cerebellum and 
the mid-brain resulted in an over-distended bladder. With the exception 
of one frog in which the whole mid-brain was found to be softened,’ 
no experiment resulted in an over-distended bladder where the tran- 
section was made through the anterior half of the mid-brain. A tran- 
section through the posterior half of the mid-brain was only made in 
one frog and in it the bladder was not over-distended. If therefore, 
as is probable, the result in the newt alluded to was an error in observa- 
tion, the over-distended state of the bladder observed in all four 

' species is due to the destruction of some part of the posterior half of 
mid-brain. . 

This localization approximates to that already described in the cat 
as nearly as could be expected from the methods employed in the two 
cases, In the cat, however, paralysis of the bladder was shown to be’ 
present; in the amphibian the over-distension might be due to this or to 
failure of the closing mechanism to relax. A third possibility arises 
from the fact that the ureters do not open directly into the bladder, 
namely, that the over-distension might be due to some abnormal rate of 
filling of the bladder. This, however, cannot be the explanation, since 
in normal frogs it is quite easy to see that the bladder is emptied when 
urine is passed by the disappearance of the translucent area in th 
bladder region, whereas in animals with over-distended bladders, eve 
though considerable quantities of urine may escape during strugglin 
when the animal is handled, a large translucent area in the bladd 
region persists. Though there is no direct proof that the failure of t 
bladder to empty is due to its paralysis, it seems unlikely that it 
dependent on a tonic contraction of the sphincter from the fact alre 
stated that in animals with over-distended bladders comparativ 
sight mechanical causes can lead to the expulsion of considera 
quantities of urine from the cloaca, though the bladder is still o 
distended at the end. 
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Тнв EFFECT ОЕ Division OF THE SPINAL CORD AND OF THE 
SPINAL Roors. 


(a) In the Anura. 


Division of the spinal cord in frogs, the species of which is not stated, 
was found by Exner [8] to lead to great dilatation of the bladder; the 
level of transection was stated to be at the fourth or fifth vertebra, but 
it is not given in relation to spinal roots. It was shown by Gaskell [4] 
that the bladder of the frog, as of the mammal, has a double ınnerva- 
tion, the anterior fibres reaching it by the sympathetic and the pos- 
terior, which correspond to the pelvic nerve of mammals, arising 
directly from the sciatic plexus. The spinal roots from which contrac- 
tion of the bladder could be elicited in the frog were found by Horton 
Smith [5] to be the ventral roots of the seventh, ninth and tenth, but 
not of the eighth; the seventh required a stronger stimulus to obtain 
the effect than the ninth or tenth. Dale [2] showed that in the toad 
stimulation, of the same roots, the seventh, ninth and tenth, and of these 
only, gave rise to contraction of the bladder. 

In the experiment about to be described the first root is considered 
td be the one emerging between the first and second vertebræ. In 
many experiments on frogs and toads the lower roots are counted from 
the posterior end and errors are therefore liable to occur if there is a 
variation of the normal root arrangement. In the urodela the levels of 
lesions are given in vertebræ ; as the roots emerge from the spinal 
anal directly they arise from the cord this 1s not open to objection. 

Division of the spinal cord at various levels from the second to fifth 
ots was performed in six frogs and four toads; in some experiments 
e cord posterior to the transection was excised, in some it softened 
d in others it functioned, reflex movements of the hind limbs bemg 
ainable. In all these cases great over-distension of the bladder 
ulted. The nervous impulse which leads to the normal emptying of 
bladder must therefore travel from the posterior half of the mid-brain 
n the anterior half of the spinal cord. 

In two frogs the cord was divided behind the seventh roots and no 
rmal distension of the bladder occurred. Division of the ninth and 
spinal roots was performed in three frogs and five toads; over- 
tension of the bladder did not result in any case. The toads usually 
‚a full bladders when killed but they were always within the normal 
1imits: in the three frogs the bladders were nearly or quite empty. At 
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any rate the whole mid-brain effect cannot act through the posterior 
spinal nerves. This appeared such a fundamental difference from the 
condition 1n the cat that it was thought the mid-brain influence might 
be masked by a possible paralysis of the sphincter of the bladder. This 
was shown not to be the case by dividing the ninth and tenth roots and 


‘the cord between the second and third roots at the same operation. 


flexion of the. hips and knees could be obtained then by touching the 


' toes and an over-distended bladder resulted. 


Division of the lower spinal roots, excepting the last two, is a difficult 


operation in the frog and toad, and not an easy one to control by 


. sides, the eighth root was intact on the right side, and its dorsal 


to over-distension of the bladder if the ninth and tenth roots are inta 


dissection two days after it has been done. It was attempted by 
removing the laminæ of the four hindmost vertebræ and dividing all 
roots exposed which emerged in front of the ninth vertebra on both 
sides. In this way the sixth, seventh and eighth roots were usually 
divided and the ninth and tenth left intact. In three frogs there was 
over-distension of the bladder after this operation, but in these there was 
complete paralysis of all movements of the limbs, including the toes: the 
ninth and tenth roots, though not actually divided, were therefore not 
functioning. In one frog in which this operation had been performed, 
and the ninth and tenth roots of one side divided as well, there was no 
over-distension of the bladder, but voluntary flexion of the toes of the 
Opposite side occurred during life. In two other frogs, where the sixth, 
seventh and eighth roots had been divided on both sides, there was no 
over-distension of the bladder ; movement of the toes was seen in one, 
but in the other no observations were made on this point. In tw 
other frogs the seventh root on both sides, and the seventh and eight 
on both sides, were divided and по over-distension of the bladd 
resulted. Division of the seventh root in frogs does not, therefore, le 


















even on one side. One experiment only was an exception to tl 
and does not seem easy to. explain: an over-distended (8 c c) blad 
was present in a frog: anatomical examination showed the ninth 
tenth roots intact, and the sixth and seventh roots divided on 


only divided on the left side: during life there was paralysis of 
whole left hind limb except for movement of the toes, but flexion 
joints of the right hind limb occurred. The sixth, seventh and ei 
roots were divided in one toad: paralysis of both hind limbs excep 
the toe movements resulted, but there was no over-distension of t 
bladder. = j 
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In the frog and toad, therefore, both the anterior and posterior sets 
of roots must be divided to produce over-distension of the bladder; from 
this it follows that the impulses from the posterior part of the mud- 
brain which normally prevent over-distension must pass out through 
both sets of nerves. 


(b) In the Urodela. 


In two newts division of the cord at the eighth and at the tenth 
vertebræ respectively resulted in an over-distended bladder. 

The nerve roots supplying the bladder in the salamander are 

apparently not known. Only one experiment was made on this animal. 
The brain having been destroyed, the laminæ of the eleventh to the 
eighteenth vertebræ were removed ; the cord was damaged in doing this, 
and it was divided at the level of the twelfth vertebra. It was then 
stimulated with a unipolar electrode at the posterior border of each 
vertebra, from the twelfth to the eighteenth inclusive, for about ten 
seconds ; contraction of the bladder occurred when the stimulus was 
applied at the lower border of the seventeenth vertebra but nowhere 
else. An attempt was then made to divide this part of the cord into 
segments and the stimulation repeated with the same current (Kr. 400) ; 
the contraction again only occurred at the seventeenth. The stimulus 
was then increased and the experiment repeated twice again; a marked 
bladder contraction resulted at the seventeenth vertebra on both occa- 
sions and a doubtful one at the fifteenth on one. In this salamander 
the large roots to the hind limb plexus were the fifteenth, sixteenth 
nd seventeenth; the seventeenth root therefore corresponds to the 
inth in the frog and toad. The experiment does not show whether 
upper set of nerves exists, and if so where it is, but it is sufficient 
show the main part of the lower set arises from the posterior part 
the hind limb plexus as in the frog, toad and mammal. 
In three salamanders the cord was divided and in all an over- 
tended bladder resulted. In one the level of transection was the 
eenth roots, the fourteenth being the most anterior large root to the 
d limb plexus. In the other two the level was the sixteenth root, 
the fifteenth and sixteenth respectively were the first large roots 
he hind limb plexuses. It is therefore probable that if an upper 
of bladder nerves exists 1n the salamander only the lower set convey 
pulses from the posterior part of the mid-brain to the bladder, in 
"hich case the salamander differs from the frog and toad in this 
respect and resembles the cat. 
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Some Varieties of Traumatic and Toxic Ulnar Neuritis. 


: By E. FARQUHAR BUZZARD. 

Mx interest in the ulnar nerve was first excited in a very persona! 
manner about twenty-five years ago. Having succeeded during the 
course of a hospital football match in fracturing one of my collar bones, 
my arm was duly fastened to my chest in a position of extreme flexion 
at the elbow with results which still live vividly in my memory. After 
a very few hours I began to experience discomfort in the sensory 
distribution of the ulnar nerve. At the-end of a couple of days the 
pain and paresthesia were so intense that I was obliged to beg for 
the release of my arm from its fixed position It is quite true that 
many persons are able to submit to the same procedure without 
xperiencing any discomfort, and it would seem that some anatomical 
ecullarity was responsible for my distress. At the same time this 
culiarity is shared by a good many people, some of whom complain 
at if they sleep with an arm flexed, they are liable to wake with 
reesthesia referred to the distribution of the ulnar nerve. 















NEURITIS WITH NO OBVIOUS ANATOMICAL FEATURE. 


With this introduction I may refer at once to the first group of 
es of ulnar neuritis to which I would like to draw your attention. 
his group there is no obvious anatomical feature which can be 
u as a factor in the production of the neuritis. Examination 
rve at the elbow does not reveal any abnormality in regard 
ions with bony structures, and it lies well protected in the 


' The complaint may be limited to a transient disturbance 
A 





Es 
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of function as a result of the excessive use of the hand and arm in a 
flexed position. A good example. of this was the case of: a lady, 
. aged 33, who complained of complete failure of function on the part 
- of the two ulnar fingers of the left hand occurring on several occasions 
at the end of a long 'cello recital. She had played the ‘cello since she 
was 5 years of age, and had recently indulged in what may be regarded: 
as excessive hours of practice. But it is possible to produce more 
permanent ulnar disturbances by excessive use of an arm, as in the 
case of a man who came to me complaining of numbness in the ulnar 
fingers of the.right hand and slight pain in the region of the elbow. 
On examination, there was found some loss of epicritic sensibility in 
. the ulnar distribution and slight atrophy and weakness of the ulnar 
muscles, including flexor carpi ulnaris. At the elbow the nerve seemed 
to be in good position, and, the only abnormality found was slight 
. tenderness just below its, exit from the ulnar groove. This condition 
“f had apparently been produced by a long spell of fishing with a heavy 
salmon rod, and any attempt at using a rod or a tennis racket sufficed 
to renew the pain, and was attended with difficulty in maintaining a 
proper grasp. | 
Even less violent exertions may sometimes end in a similar condi- 
‘tion. , For instance, a lady. aged 43,complained that for three weeks 
she had had difficulty in using her right hand, end was conscious of 
‚a pain like a sting in the ulnar border of the palm and in the two ulnar 
fingers. The ulnar muscles were obviously weak, but showed very little 
' atrophy, and no definite sensory loss could be detected. The only 
7 etiological factor which I could discover in her case was a period o 
excessive use of the hand in sewing and writing. 












CASES WITH AN ÂADDITIONAL Toxic Faotor. 


‘Closely allied to the group I have just described is another in whi 
it is possible to find an additional etiological factor in the form of so 
toxic agent. In these cases, again, no anatomical abnormalities c. 
be detected, and the most characteristic feature of this form of u 
neuritis is its onset, while the patient is confined to bed with so 
infective or septic illness. I saw quite a number of cases of 
description during the war, especially among soldiers confined 
with severe compound fractures and subsequent prolonged sep 

| Captain G. M., aged 21, sustained a wound of tke right leg, 


- amputated. He was laid up for three months in bed with septic À 
‘tions, and after about two or three weeks noticed increasing 'numbnes 4 


+ 
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soreness in the ulnar ‘fingers of both hands. The right hand recovered in the 
course of five weeks, but the left hand showed atrophic palsy of the ulnar 
muscles, with some sensory impairment in the ulnar cutaneous area. 


I am inclined to attribute the ulnar neuritis in these cases partly to 
the fact that the arms are constantly being used in the flexed position— 
partly, perhaps, to an undue amount of friction, and partly to the effect 
of some toxic agent. In civilian life I have seen a precisely similar 
condition arising bilaterally in a patient who had been in bed for a 
fortnight with a slight attack of small-pox. All the cases of this kind 
which I have come across have made a good recovery. Perhaps one 
ought to include in this group the occasional case of ulnar neuritis 
associated with glycosuria, and others in which the only etiological 
factor of importance appears to be,the gouty diathesis. An interesting 
example of the latter was a patient, aged 61, who came to me com- 
plaining of pain in the ulnar fingers and ulnar aspect of the left hand 
which had come on suddenly eight months previously after sitting out 
one evening in the garden. I found definite, but slight, wasting of the 
ulnar muscles and slight impairment of sensibility in the ulnar area. 
He suffered from gouty eczema, a gouty big toe, and presented gouty 
deposits in the lobe of the left ear. 


CASES WITH SOME ANATOMICAL PECULIARITY. 


My third group of cases comprises those in which some anatomical 
peculiarity can be discovered in connection with the relations of the 
nerve at the elbow. These cases may be subdivided into: (1) those 
with a history of severe injury to the elbow; (2) those without any 














(1) It has long been recognized that ulnar neuritis may develop 
any years after an injury to the elbow, and this condition has been 
ribed to Involvement of the nerve in callus or in fibrous adhesions. 
ave seen a number of cases of this kind, and the outstanding feature 
s always been the unprosected position of the nerve at the elbow. 
would seem that in these cases the nerve is constantly exposed to 
or insults and injuries, each one of which may produce very little 
ediate effect, but which in the aggregate lead to the formation of a 
us neuroma. This neuroma is generally a fusiform swelling of the 
due to a large increase of its connective tissue elements. I have 
nd any evidence of bony pressure, and fibrous adhesions to 
g structures are rarely prominent. On the other hand, 
nstriction of the nerve is not very uncommon. 
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17, Mrs. O., aged 30, gave me a history that two and a half years before our 
* interview she had sustained a violent blow on the right elbow with a tennis 
'. » racket and that some months later вре began to find slight difficulty with her 
~ right hand. She was unable to play tennis or use the arm in any strenuous 
way during the following summer. She complained of pain in the elbow even 
++. When writing or using a needle, and I found the nerve at the elbow very easily 
^ displaced and over-exposed. It was tender on palpat:on and there was some 
impairment of sensibility in its distribution. Mr. Wilfred Trotter placed this 
^ nerve in front of the joint in March, 1920, with the result that the patient is 
‚now able to use her hand and arm without any discomfort or disability. 

Mrs. S., aged 45, gave a five years’ history of wasting and weakness of the 
left hand with slight pain at the left elbow and in the ulnar side of the hand. 
N She displayed almost complete ulnar palsy as regards the intrinsic hand 

| muscles and some weakness of flexor carpi ulnaris. There was only slight 
3. Sensory disturbance The nerve at'the elbow was thickened and exposed. In 
x. this case there was a history of fracture of the left arm at the elbow forty-two 
years previously. Mr. Trotter operated and. found a spindle-shaped neuroma 
. of the nerve at'the elbow, and contented himself with transposing it in front 
| "4. of the joint. 
VA :(2) There appear to be a number of people whom nature has treated 
rather shabbily in regard to protection of the ulrar nerve at the elbow. 
A. The groove is very shallow, and when the elbow is passively flexed thie 
nerve can be felt to slip out of it and to lie in an exposed position M. 
the inner condyle. These people may escape any serious consequences 
of their anatomical peculiarity unless circumstances necessitate a more 
or less strenuous and continued employment of their arms. | 









A very good example of this typo of case was provided by a man, aged 46, wh 

was sent to me complaining of weakness and wasting in the left hand, and wi 

. à sensation of numbness on its ulnar side during a period of about four mont 

On examination I found a very poor ulnar groove and a large thickened ner 

easily palpable on the surface of the bone; there was elmost complete atrop 

+ palsy of the ulnar muscles, including flexor carpi ulnaris, and partial sens 
^, loss in the ulnar distribution. 

The chief exciting factor in this case eer to be the fact that 
patient spent his time driving a two-horse van with his left arm. 
possible accessory factor may have been a somewhat excessive consu 
tion of beer. Mr. P. Sargent operated on this patient and fou 
fusiform swelling involving the whole thickness of the nerve for 
three-quarters of an inch. Below this neuroma the nerve passed b 
a dense fibrous archway which constricted it. 

I have seen many other cases of this kind, and a 
interesting example was the following :— 
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A platelaver was in the habit of swinging a heavy hammer impartially with 
both arms. When I saw him he was complaining of atrophy and weakness 
of the muscles of both hands characteristic of an ulnar lesion. Both ulna 
nerves were unusually unprotected and mobile at the bend of the elbows and 
each exhibited a large diffuse neuroma. 


This case afforded a good example of difficulty in diagnosis in that he 
complained of no pain and but little paræsthesia in his hands. Except 
for the limitation of the atrophy to the muscles supplied by both ulnar 
nerves, he would have passed for a case of progressive muscular atrophy, 
the diagnosis with which he arrived in my out-patient room. It is 
worthy of note that the sensory disturbance in these patients varies very 
much, but on the whole is less severe than the motor palsy and muscular 
atrophy. 


DIFFERENTIAL DIAGNOSIS. 


A careful examination should suffice in all cases to distinguish an 
ulnar palsy from a spinal cord lesion in the form of progressive muscular 
atrophy or svringomyelia. On the other hand, so much attention has 
been paid in recent years to the presence of cervical ribs and the 
interesting clinical phenomena to which they give rise, that cases of the 
kind I have been describing are not infrequently sent for X-ray 
examination on the suspicion that a supernumerary rib may be held 
responsible for the disability. That such a procedure may give rise to 
confusion rather than to help in diagnosis is well illustrated by a patient 
whom I saw two or three years ago and who was ultimately operated on 
by my colleague, Mr. Cyril Nitch. 


He was a man 40 years of age, who, seven years before he came under 
observation, fell off a motor bicycle and injured his right elbow. He was told 
hat there was no fracture of the bone, but the joint was painful for several 
reeks and for some time he was unable to straighten his arm. Не made 
complete recovery, but six or seven years later he noticed wasting of somo 
f his right hand muscles and he felt an occasional tingling over the ulnar 
de of his hand on straightening his arm, This wasting was preceded for 
time by a condition of cramp in his fingers when he was writing On 
mination there was distinct wasting of the first dorsal interosseous muscle 

1 epicritie sensibility over the ulnar border of the hand was diminished. The 

r nerve at the bend of the elbow was freely movable and not obviously 
ened. This patient had both his elbow and neck X-rayed. The skiagram 
"ie elbow showed an old fracture of the external condyle with downward 
placement, but no signa of injury to the internal condyle. The skiagram 
the neck revealed a well-developed seventh cervical transverse process on 

h side and a rudimentary cervical rib on the right. The motor and sensory 
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disturbance in the hand determined the diagnosis in spite of the cervical rib, 
and Mr. Nitch exposed the ulnar nerve at the back of tke elbow. It was much 
thickened by scar tissue in the groove behind the internal condyle and was 
hound down to the latter by firm adhesions attached to its sheath. On palpa- 
tion the nerve felt tough and fibrous. It was lifted from its bed after dividing 
the fascia uniting the two heads of flexor carpi ulnaris and was displaced for- 
wards in front of the internal condyle and kept in position by a graft of sub- 
cutaneous fat. Within a few weeks the patient had lost all sensory disturbance, 
and he returned to his work in the East with the intention of continuing 
electrical treatment to the wasted muscles. 

The number of cases which I have very briefly sutlıned suggests that 
the ulnar nerve is particularly prone to disturbances of function on what 
appear to be at first sight slight provocation. Looking for a common 
' factor in these various groups one 15 struck by the fact that in the 
' majority of cases the ulnar nerve is unprotected by any bony parapet 
at the bend of the elbow, or so badly protected that during extension 
and flexion of that joint 16 is apt to slip in and out of its proper position. 
Daring flexion especially it may lie exposed to friction and pressure on 
the internal condyle. A consideration of many cases seems to justify 
the conclusion that movement, especially of a strenuous and frequently 
repeated character, is an important factor in the production of an 
interstitial neuritis. This moving contact with в bony surface is 
probably an important factor in producing the symptoms associated 
with & cervical rib, although I do not think it has been shown that in 
the latter case the nervous tissue becomes surrounded by a definite 
thickening of connective tissue. In the case of the ulnar nerve, 
however, the nervous tissue 18 constantly exposed to minor injuries, and 
the neuromatous condition so often found must be’ ascribed to chroni 
inflammation of traumatic origin. It 18 a little difficult to understan 
why the flexed position of the elbow should in itself give rise 
discomfort referred to the distribution of the ulnar nerve, as I belie 
there is no evidence to show that the nerve 1s stretched by that postu 
of the hmb. i 











DISCUSSION. 


Dr. WILFRED HARRIS said he also had & peculiar interest in the v 
nerve since the time when, as a schoolboy of 13 years, his left ulnar ney 
struck at the elbow by a stone thrown by another bey. He had great p 
the-time and had constantly received minor injuries to his ulnar nerve ever sı 
He thought that this was one of the disadvantages of the erect position of m 
since this posture necessitates frequent acute flexion a5 the elbow and stretch 
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of the ulnar nerve. In some of the carnivora the ulnar nerve passes forwards 
into the forearm through a foramen in the lower portion of the humerus above 
the joint and is thereby less subject to stretching. There was one point in the 
distribution of the ulnar nerve which he wished to emphasize. In some cases 
the ulnar nerve did not supply the first and second dorsal interossei, and in 
such cases, unless this possibility were realized, a peripheral ulnar lesion might 
easily be mistaken for a central one, 

Dr. STANT ~SABNES emphasized the nervous origin of the various occu- 


pational mus: iphies. He saw many such cases in his practice in n 
large industri isome of them exhibited swellings on the nerve trunks 
He instancec P ‘where e lad, now 17 years old, suffered from a severe 
ulnar neuriti: acture of the internal condyle of the humerus when he 
was 7 years [s could be felt running over a promontory, instead 
of being in a \was difficult to know what to do for this case; every 
possible mea a tried except operation, and Dr. Barnes’ war experience 
of resection Ovas not sufficiently encouraging to justify such treat- 
ment so lo Sluscular power or sensation remained. Occupational 
neuritis of: 2 ге was due in many cases to friction between the nerve ` 
and the hu. exbrolonged use of the arm with the forearm flexed. Jn 
a few cases he. Mat friction occurred higher up between the clavicle 


and the first rib. 9 4 $ 
Dr. G. RIDDOOH Pau onat the pain resulting from ulnar neuritis due to bone 
injury could hardly be connected with the involvement of nerve in callus, since 
it appeared so very late. He instanced a case where the pain came on fifteen 
months after the injury. This case had proved very difficult to treat. Alcohol 
injection of the nerve had given relief for one month, and a recent surgical 
peration had resulted in complete rélief for three weeks, but the symptoms 
ere now beginning to reappear. Dr. Riddoch also commented on the fact 
that some patients exhibited motor and others sensory symptoms following the 
same sort of injury. 

{ Dr. HENRY HEAD quoted Mr. Sherren’s paper on “ Neuritis of the Ulnar 
Nárve, due to Deformity in the Region of the Elbow-joint " (Edin. Med. Jowin , 
Jul, 1908). In one of these patients the neuroma was excised, the two ends 
of (the nerve sutured, and a fresh groove chiselled in the back of the inteinal 
coridyle. Voluntary power began to return in sixty-six weeks and all the 
muscles acted voluntarily in one hundred and thirty-two weeks. Sensibility 
was, also restored. To-day it would be better in such cases to displace the 

nerve to the front of the internal condyle. Dr. Head also pointed out that the 

Ф :ofdpathie supply of the ulnar nerve extended on to the median half of 

PT This was shown by irritative lesions and could be demonstrated in 

persons by applying a faradic current to the ulnar nerve at the elbow , 

~ ingling extended across the palm almost to the root of the thumb. On 

w hand, division of the ulnar caused loss of sensibility over that area 
‘„ssigned in the text-books to this nerve. 

fhe PRESIDENT referred to the delay in the appearance of symptoms after 
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fracture of the lower end of the humerus. He had seen a clerk, aged 30 years, 


' whose recent ulnar neuritis could only be attributed to a fracture at the age of 


М 


4 years. A variety of pathological conditions might be found in these cases. 
Adhesions were often a cloak for ignorance, but he had in one instance seen a 
case where the nerve had been compressed under the fibrous arch between the 
two heads of the flexor carpi ulnaris ; complete relief had followed the division 
of this arch. In another extraordinary case, that of & carpenter who could not 
flex the elbow beyond a right angle without pain, the nerve was found to be 
normal at operation, but a loose cartilage was found in a synovial pouch lying 
between the nerve and olecranon process. The removal of this cartilage cured 
the patient. For the ordinary type of neuritis associated with a fusiform 
neuroma, it was his practice to make longitudinal incisions in the sheath, and 
to transplant the nerve in front of the arm. He agreed that resection of the 
neuroma with suture of the nerve was quite unnecessary in these cases. 

Dr. BUZZARD said he had noticed the occasional abnormal distribution of 
the ulnar nerve first described by Dr. Harris. The post-traumatic cases could 
not be due to callus formation, but were due to the more exposed situation of 
the nerve which resulted from the obliteration of the'groove in which it was 
normally protected, and to the increased amount of movement which resulted 


^. from this 
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Die Vergleichende Anatomie des Nervensystems der Wirbeltiere und 
des Menschen. By Dr. C. U. ArıEns Kappers. II Abschnitt. 
Mit 320 Figuren im Text und 7 Tafeln. Pp. 705. Haarlem. 
Bohn. 1921. 


The first volume of this book, which was reviewed in a recent number of 
this Journal, has been quickly followed by the publication of the second and 
concluding part. Kappers’ Comparative Anatomy of the Nervous System of 
Vertebrates and Man is now complete, and certainly stands without any rival 
as to the most comprehensive, authoritative and up-to-date textbook on the 
subject. Lest its title suggest to clinical neurologists and others that it is 
merely a comparative anatomy and is concerned exclusively with subjects of less 
immediate interest to them, it must be pointed out that there are few books in 
which the anatomy of the human brain is so thoroughly and intelligently dealt 
with. 

The first chapter is devoted to the cerebellum, the development of which is 
‘raced upwards from 168 first appearance in petromyzon, where it is merely a 
correlation centre between the vestibulo-lateral apparatus and more frontally 
situated mechanisms, to man. Its subdivision, adopted by Kappers, 1s based 
largely on the work of his pupil Ingvar, and consequently differs in certain 
respects from that of Bolk, Elliott Smith and other anatomists, though it 1s m 
principle closely allied to them. According to this view the neo-cerebellar 
parts, to which its increase in size in the higher vertebrates 1s due, develop in 
-onnection with the lobus medius, that part of the vermis which lies between 
te sulcus primarius and sulcus præpyramidalis, as:a result of newly acquired 
connections with the inferior olives and with the cerebral cortex through the 
pontine grey matter; while the palæocerebellar components, including the 
lobus anterior, lobus posterior and formatio vermicularis, remain fundamentally 
unaltered. An interesting section is devoted to the question of functional 
localization in the cerebellum, in which the matter 18 considered from the 
physiological and experimental as well as from the anatomical point of view. 

In the following chapters the midbrain, thalamencephalon, rhinencephalon, 
corpus striatum and neopallıum are dealt with in the same method. One of 
the most interesting and instructive of these chapters is that which describes 
the evolution of the corpus striatum and the development of its connections. 
By following, as the author does, its growth in the succeeding genera of 
vertebrates, we are enabled to understand not only the rôle it plays in the 
evolution of the brain, but also the significance of its separate parts and their 
multifarious and complex connections. This chapter is certainly not easy 
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reading, but the student who masters it will obtain a better knowledge of the 
basal ganglia than he can hope to do by any other method of study. 

The final chapter is devoted to the neopallium. Here the comparative 
method has less scope, but the comparison of the different parts of the 
cerebrum in different genera, and a study of the stages through which each has 
passed before attaining its final form in the highest vertebrates, throws so much 
light on structures which we ordinarily know only from a study of human 
anatomy that we cannot but be grateful to the author for the opportunity 
which he gives us here of reviewing them in & compact and very readable form. 

The volume under review is as copiously illustrated as the first ; there are 320 
figures scattered through its 705 pages, and in addition seven coloured tables. 

* Specially valuable features of both volumes are the comprehensive bibliographies 
at the end of each chapter, and the very complete index of subjects and names. 


Die neurologische Forschungsrichtung in der Psychopathologie, und 
andere Aufsätze. Ву Dr. A. Prox. With 11 Figures in the Text. 
Pp. 247. Berlin: Karger. 1921. 


Throughout a long and fruitful life Professor Pick has always been interested 
in phenomena which illustrate the relation of mind and body. Such questions 
as the nature and causes of aphasia, apraxia, katatonia and hallucinations 
associated with lesions of the brain, have been his constant preoccupation. 
As one of the few writers on the Continent who have assimilated and understood 
the doctrines of Hughlings Jackson, he looked upon these mental changes. 

`~ as dissolutions of highly integrated functions and pointed out in what instances 
' they revealed the activity of lower centres, normally kept under control. This 
he calls the “ Neurological attitude in psycho-pathology.” | 
` The first 93 pages of his book are taken up with an essay on the value fo’ 
. mental medicine of the psychical changes evoked by organic nervous disease 
‘ and all the subsequent pages form examples of this method of approach. 
Motor and static perseveration are brought into relation with katatoni 
‘apraxia is explained by the work of Leyton and Sherrington on the cortex, 
and the somewhat similar views of von Monakow are shortly discussed. k 

The next paper deals with the pathology of linear writing, based on a case 
of eclamptic psychosis. This is followed by a consideration of the exceptions 
to Ribot’s law, that in disorders of speech the most recent aoc'uisitions, og, a 
foreign language, are first affected. Pick then discusses the psychology of 
recurrent utterances in aphasia and passes on to deal with what the French 
have called © palilalie" or multiple repetitions. This he believes to be 
associated particularly with lesions of the basal ganglia. 

The last paper is a description of visual hallucinations, which followed local 
treatment to his own eye, after the lens had been extracted for cataract. These 
took the form of letters projected on some surface at a distance, such as the 

. blind, or the cheek of the person to whom he was talking. When they 
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appeared on a dark surface, they were surrounded by a luminous background, 
Such obscure phenomena already possesses a considerable and little known 
literature; this has been collected with the author's well-known care and 
thoroughness. 


Der Balken. By Q. Mincazzint. Pp. 212. Berlin: Julius Springer. 
1922. M.160. 


This, the latest contribution to the series of monographs edited by Foerster 
and Wilmanns, is an interesting and instructive book which certainly attains 
the high level of the preceding volumes of the semes. In successive sections 
the author deals with the anatomy and development of the corpus callosum, 
and with the symptoms which result from its destruction by vascular lesions 
and tumours, and from its degeneration due to other causes. Finally he dis- 
cusses its function, especially from the clinical point of view, and points out 
the important part affections of it may play in the determination of defect 
phenomena in man. His general conclusion is that the corpus callosum is 
concerned in the eupraxia of the limbs, especially of the upper extremities, in 
the integration of spatial perceptions; and in the correlation of the speech 
mechanisms of the two hemispheres of the brain. 

The author has collected together a very large amount of material and has 
produced a volume which cannot be neglected by the physiologist or clinician. 


Functional Nervous Disorders By Donazp E. Core. Bristol: John 
Wright and Sons, Ltd. Price 25s. net. 


The originality of some of the views expressed in this book give it an 
interest to the advanced student of psychological medicine. 

The classification of the functional disorders is peculiarly the author’s own, 
and is based upon a conception of etiological factors in mental illness, particu- 
larly in hysteria, which is likely to be contested by the majority of psycholo- 
gists al the present time. The functional nervous disorders are divided into 
regressive and progressive groups, in the former of which he places hysteria, 
in the latter the sympathetic nervous disorders. He subdivides the 
ogressive group further into what he terms the Instinet-Distortion Neuroses 
d the Memory Neuroses. This classification is based mainly on his concep- 
n of the term dissociation, which to him means a non-registration of memory 
highly emotional incidents. The obsessional neuroses are attributed to 
tive inattention, dissociation not being operative in the sense in which he 
this term. He suggests that the involvement of the sympathetic nervous 
in cases belonging to the progressive group induces in the course of 
rganic disease. 

e is rather scornful of psycho-analysis and concludes that it is logically 
plicable to the treatment of hysteria, though it may be used in the treat- 
t of what he terms the obsessional form ol the memorv-neurosis. Few 
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канык of experience will agree with his opinion that the most 
' efficient procedure in analysis is a thorough and searching cross-examination, 
and not free-association. An interesting chapter is devoted to a study of 
“behaviour in man compared with, the lower animals ; the author arrives at the 
conclusion that although animals, have what we term “ bódy- ‘memory,’ ' depen- 
„dent ion visceral dispositions specific to emotional tones, they can in no sense 
be credited with memory as we commonly understand it. 3 
Dx. Oore’s views are clearly and carefully reasoned, but a total: study of 
_this book is not likely to diminish the unfortunate confusion of opinion which * 
“obtains at ‘the present time with regard to thé-etiology and treatment of the 
В functional nervous disorders. 


Archives of Neurology and Psychiatry. | Edited by Sir FREDERICK | 
‚ Мотт. Vol. vii. London County Council. 1922. 


This volume contains seventeen articles, all of which except one have been 
‘previously published * elsewhere; but neurologists and psychiatmsts will ‘be . 
grateful to the editor for having colleeted them together i in this accessible form. 

' À large part of thé volume is made up of studies on the pathology of 

, dementia’ præcox, which ate mainly from the pen of the editor... His Morison 
Lectures “ on the Psychopathology of Puberty and Adolescence, aula his interest- 
“ing lecture on “ Body and Mind: the Origin of Dualism " are algo republished 
.here. Dr. Golia’s Croonian lectures on the Objective Study of the Neuroses, 
and Dr. Morowoka’s-papers on the histology of the choroid plexus in various 
“forms of mental disease, and the effect of exposing the brain to the gamma rays 
of radium, are,also included. ! 

Other interesting contributions are papers on mental defect and criminal , 
` conduct by Sir Bryan Donkin, on the neurological aspects of shock by the 
editor, and on chemical investigations of the cerebrospinal fluid in epilepsy, 
"and on the metabolism in this disease by Mr. Mann. 


Yan 
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жота Kinder. By L. Sonouz. . Third edition. Edited by A 
' GREGOR, Рр. 312. Berlin: $. Rae. 1922. 


The study and treatment of abnormal or defective children has lx 

f perhaps of recent years more thoroughly developed in Germany than elsewhere 
Europe, there attention has been particularly directed to the “ysocial ” train 
of children both at home and in special institutions. under the care of adegua 
‚equipped teachers and physicians. The system that has been thus elabo: 
certainly compares very favourably with our more happy-go-lucky m 
it includes the provision of special schools for those who can remain at 

‚ end institutionallife for the more defective whose infirmities make it impe 

to allow them to mix with the rest of the family. ' 

‚ "This book was originálly prepared for teachers and officers of institm 
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for defectives, as well as for the medical students and practitioners; the 
additions and modifications it has received from its present editor have been 
developed with the same aim. It is therefore essentially a practical book. The 
psychology of the child, the various types of mental feebleness and deficiency, 
and the physical traits associated with them, are first considered. The following 
chapters deal with nervousness, hysteria, epilepsy and the various psycho- 
pathies, but the most striking and valuable portion of the book is that devoted 
to treatment, education, and training. It is written simply and directly, and 
can be strongly recommended to all on whom fall the duties of the care and 
education of the abnormal child. 


Psychology.—A Study of Mental Life. Ву RoBERT б. WOODWORTH. 
London: Methuen and Co. 1922. 


` This book is intended for students beginning the study of psychology, and 
its aim is to represent to them in simple and reasoned fashion the present state 
of this .very active science. In this aim it succeeds exceedingly well, and it 
should prove a useful and stimulating textbook on the subject. It has a 
distinctly physiological setting, which adds to its value as a textbook. 

Defining psychology as the science of behaviour, it studies first the simplest 

forms of behaviour as illustrated in reflexes and elementary forms of stimulus 
response, and then passes to the discussion of sensations, perceptions and 
thoughts as the reactions of higher nervous levels to stimuli of different kinds. 
The “ stimulus response ” theory is then enlarged to include motives, interests 
and purposes as predisposing tendencies to the production of the different 
reactions and responses that constitute behaviour. From this there follows 
naturally a- division of behaviour into native and acquired reactions, and a 
consideration of these two classes in detail. Several chapters are devoted to 
the instincts and their accompanying emotions, to feeling tone and the various 
sensations, to attention and intelligence, until, finally, we come to the discussion 
of learning and habit formation, of memorizing and the laws that govern the 
association of mental processes of perception, reasoning, imagination and the 
will. Last of all there is a chapter on Personality. 
The “unconscious ‘is dealt with adequately, and while very considerable 
it is given to the originality and value of Freud’s views there is some very 
e and unimpassioned adverse criticism, which is not the least valuable part 
the book from the beginner’s point of view. 














nische Psychologie. Ву Dr. ERNST KRETSOHMER. Leipzig: 
org Thieme. 1922. 


en to students and practitioners who have chosen the mental illnesses 
eir special department this little handbook will be found of great interest 
value. Unlike the majority of textbooks on this subject it does not deal 
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with the disorders of the mind in a purely descriptive fashion, but treats them 
on strictly scientific lines as results of disturbances of normal psychological 
processes. І 

Acknowledging the debt that psychiatry owes to normal psychology he 
„passes on to a consideration of mental development, paying particular attention 
to the part played by the emotions, and discusses the theory of ambivalence 
and the part it takes in complicating the affective life of the individual. The 
precise position of dream experience is discussed in its relation to the conscious 
life of the subject, and to that part of it which lies outside the immediate 
sphere of awareness From this the author naturally passes on to a considera- 
* tion of the state of hypnosis, and thence to hysteria and schizophrenia. The 
chapter on the Instinots is particularly good in that the normal and the 
-abnormal are treated together, bringing home very forcibly the fact that in al 
divergences from normal behaviour the underlying processes are psychologically 
unchanged, but inadequate to the immediate reality at the time. 

The last chapter discusses fully all the present-day technical methods of 
‘investigating mental illnesses from the psychological point of view, and the 
necessary therapeutic measures. He appears to be sympathetically disposed 
towards the Freudian technique, but does not rule out other methods 


The Poetic Mind. By FREDERICK C. PRESCOTT. New York: Macmillan 
and Co. 1922. І 


The author has applied the results of recent psychological investigations to 
the subject of poetic inspiration, and has produced & closely reasoned and well 
informed book. His outlook is primarily literary rather than psychological , 
psychological concepts are used to elucidate the nature of the poetic impulse 
without any desire to make a contribution to pure psychology. At the outset 
the author prepares us for his opinion that the treatment of the poet’s mind 
must result in general conclusions, and not in the scientific formule of a fixed 
science of esthetics. The poet's fancy springs from the vicissitudes of personal 
experience, expressed in dream-like form, shaped by imagination and contorted 
by repression, springing forth to ‘‘cleanse the bosom of that perilous stufi 
which weighs upon the heart.” н 

It is certainly one of the books on psychology appii to art that repa 
reading; it is well written as befits a literary theme, tentative, sober a 
suggestive. 











Ueber die Bedeutung und Entstehung der Stereotypien. By 
Kräsı. Рр. 109. Berlin: S. Karger. 1922. М. 30. 


Stereotypy, as defined by the author, is the autonomous manifestati 
motor, speech or psychical functions reiterated over long periods in exact 
same form, and neither associated with any emotion, nor adapted to 


n 3 ew n ` n , E s i 
el mL nog T ; k 
NOTICES OF RECENT PUBLICATIONS 147 


objectively purposive end. He distinguishes two main types; those of the one 
group are either determined by hallucinations and can be consequently regarded as 
forms of defence reaction, or they may be interpreted as ceremonies or inean- 
tations for the reinforcing or symbolizing of a rite resulting from a delusion or 
hallucination. Stereotypies of the other group are relics of a former occupation 
or habit und were consequently originally purposive; these are distinguished 
by the fact that they can be easily modified and altered. 

This monograph is a valuable study in a difficult and rather neglected region 
of psychopathology. 


Writers of “Original Articles and Clinical Cases” are supplied free of charge 
with 60 copies reprinted in the form in which the paper stands in the pages of 
“Brain.” If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of.the writers, 
from Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 


London, W. 

Members of the Neurological Section of the Royal Society of Medicine can 
obtain the Index of “ Brain” for the Volumes | to XXIII! inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO. Ltd., 
St. Martin's Street, London, W.C., at the price of 65. 6d., post free. 


To those who are not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the volume may be obtained 
through any bookseller. 

. EDITOR. 


M 
Vp 


[Остовев, 1922.] 
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RÉFLEXES DE DÉFENSE. 
PAR J BABINSKI. 


MESSIEURS,—J'ai entendu raconter l'anecdote suivante: le grand 
seigneur espagnol auquel Cervantes a dédié son livre “Don Quichotte,” 
voyageant en France arrive à une heure tardive dans une localité où il 
se propose de passer la nuit. 1 sonne à une auberge dont le patron, 
avant d'ouvrir la porte, demande à qui il a affaire. Le noble gentil- 
homme décline ses noms: Duque de Bejar, Marques de Gibraleon, Conde 
de Bañalcazar y Bañares, Visconde de la Puebla de Alcocer, Señor de 
las Villas de Capilla, Curiel y Burguillos. L’aubergiste, qui ignorait 
qu'un espagnol pouvait avoir six ou huit noms différents, réplique: 
Messieurs, vous êtes beaucoup trop nombreux, je ne puis vous loger ; 
il laisse le seigneur dans la rue et se prive ainsi d’un hôte quí lui aurait 
valu un beau bénéfice. Une mésaventure un peu analogue est arrivéo 
à un étudiant en médecine désireux d'apprendre la sémiologie des 
maladies du système nerveux. Parcourant la table des matières d'un 
livre qu'on lui avait recommandé, il trouve en particulier, pour ce qui 
concerne l'examen des membres inférieurs, l'indication des signes 
suivants: réflexes de défense, réflexe antagoniste de Schaefer, Unter- 
chenkelphaenomen d’Uppenheim, reflexe fléchisseur dorso-plantaire de 
echterew, triple retrait du membre inférieur, phénomène des raccour- 
seurs, réflexes d'automatisme médullaire, massreflex. Ne sachant 

que toutes ces dénominations se rapportaient, au moins en très 
nde partie, à un seul et même phénomène, et se jugeant incapable 
lover duns sou esprit tant de données qu'il croyait différentes, il 
onça à cette étude et se priva ainsi d'une notion facile à acquérir ct 
1 lui aurait été trés utile. 

Je ne veux pas soutenir que le sujet dont je me propose de vous 
entretenir soit en tous points définitivement fixé et ne comporte plus de 
discussion ; vous verrez dans la suite qu'il n’en est pas ainsi; mais je 








! A Lecture delivered at the Royal Society of Medicine, London, with presentation cf 
cases and ciuematograph films. 
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crois pouvoir dire que la question est fort simple en ce qui regarde la 
clinique, les moyens qu'il faut employer pour mettre en évidence les, 
réflexes dont nous allons nous occuper et certaines conséquences que l'on 
peut'en déduire pour le diagnostic. | 

Me plaçant d'abord sur le terrain de l'observation et écartant les 
interprétations pathogéniques, je vais décrire les phénomènes que j'ai en 
vue. Il s’agit de réactions motrices consécutives à des excitations 
cutanées ou à des excitations profondes. Pour commencer, j’envisagerai 
uniquement les réactions observées aux membres inférieurs du cóté 
excité, faisant abstraction des orteils (c'est là une dissociation artificielle 
1 est vrai, mais vous verrez ultérieurement pourquoi je la fais) et me 
bornant à observer les mouvements exécutés par le pied, la jambe et la 
. cuisse. Voici en quoi consistent ces réactions: sous l'influence d'ex- 
citations du membre inférieur telles que le frottement de la plante du 
pied avec une épingle, le pincement de la peau de la région dorsale du 
pied ou de la jambe, notamment à sa partie inférieure, il se produit, 
outre une contraction du fascia lata, une flexion du pied sur la jambe, ' 
de Ја jambe sur la cuisse, de la cuisse sur le bassin ; l'attitude en flexion 
se maintient généralement un laps de temps appréciable et le membre 
inférieur ne reprend qu'avec une certaine lenteur son attitude primitive ; 
dans certains cas, la contraction musculaire dure dix, quinze secondes, 
davantage méme, surtout si l'excitation qui & provoqué le mouvement 
est continue, et il est possible quelquefois de déterminer ainsi une sorte 
de contracture transitoire. 

Ce mode de réaction (triple flexion) susceptible d’être obtenue par 
des excitations portant sur diverses parties du membre inférieur est un 
‘des plus communs et Гоп a couramment l'occasion de l'observer en 
clinique. On le constate ordinairement chez des malades présentant des 
troubles notables de la motilité volontaire, et c’est là qu'il acquiert le 
maximum d'intensité, mais il peut être très net chez des sujets encor 
assez valides. 

L'électrisation avec des courants voltaïques ou avec des coura 
faradiques, l'application d'un corps chaud ou d'un corps froid, la pressi 
exercée sur les parties profondes, les tractions constituent =f “e bo 

e 













procédés d'excitation. Bechterew, puis Pierre Marie et Foix, ss 
mandé une manœuvre indiquée déjà par Charcot et qui 4s 
fléchir fortement les orteils sur la plante, en même temps фѓъф 
l'extrémité antérieure du pied. a 

Tia zone réflexogéne est plus ou moins étendue suivant | 5 
Souvent, elle occupe seulement le pied et la jambe et s'arr 
malivement au genou, mais parfois elle s’étend méme А 1 ba 
une partie plus ou moins vaste du tronc; nous I ure- 
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ment sur ce point. Dans certains cas, tandis que l'excitation du pied 
et de la jambe donne lieu au movement.babituel, c'est à dire А la triple 
flexion, une irritation portant sur la cuisse est suivie d'une extension 
des trois segments. Voici une autre modalité de la réaction dont je 
m'occupe : le pincement de la peau de la partie inférieure de la jambe 
est suivi d'une flexion du pied et d'une extension de la jambe sur la 
cuisse; j'ai particulièrement observé cette modalité chez des malades 
plus ou moins contracturés, dont les jambes, qui d'habitude se main- 
tenaient en extension, avaient été préalablement placées par moi en 
demi-flexion. Il m'est arrivé aussi de voir ceci : l'excitation, provoquant 
toujours une flexion du pied, accentuait un peu, pour commencer, 
l'attitude de la jambe en flexion, laquelle était immédiatement suivie 
d'un fort mouvement en sens inverse qui rameuait la jambe en extension. 
Parfois, quel que soit le sens du mouvement, flexion ou extension, on 
constate des contractions dans les muscles de groupes opposés, et l'on 
peut concevoir que le sens du mouvement soit conditionné en partie par 
la position où se trouvent au momeut de l'excitation les segments du 
membre les uns par rapport aux autres. 

Il y a de grandes différences en ce qui concerne l'intensité des 
réflexes, amplitude des mouvements. Tantôt, le moindre attouche- 
went de la peau d’un membre suffira à déclencher une flexion très 
prononcée de tous ses segments et amènera une série de mouvements 
alternatifs de flexion et d'extension; tantôt, au contraire, le pincement 
très vif de la peau ne déterminera qu'avec peine une simple flexion du 
pied. Entre ces types extrèmes se placent tous les intermédiaires. En 
outre, il est à remarquer que si, pour chaque malade, il existe, au cours 
"un examen, une certaine proportionalité entre l'intensité de l'excitation 
et celle de la réaction, le rapport entre ces deux éléments peut varier 
otablement lorsque l’on considère les résultats de deux examens 
ratiqués à quelques jours ou même à quelques heures d'intervalle. 

La description qui précède se rapporte à des observations faites sui 
; sujets atteints d'affections organiques intéressant la voie pyramidale. 
Mais, avant d'aller plus loin, je dois discuter les questions suivantes 
réactions signalées sont-elles toutes pathologiques; quelques-unes 
tre elles peuvent-elles au contraire être obtenues à l’état physio- 
ue; y a-t-il des caractères permettant d'affirmer la nature patho- 
ique de ces réactions ou de quelques-unes d’entre elles ? 
Pour résoudre le probléme, il est indispensable d'avoir examiné un 
nd nombre d'individus normaux et de savoir comment chez eux les 
res inférieurs se comportent vis-à-vis d'excitations diverses. Or, 
„paratt bien établi. Une excitation de la plante du pied telle 
ent avec une épingle est souvent suivie, élimination faite 
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' du mouvement des orteils sur lequel je reviendrai ultérieurement, d'une 
contraction du fascia lata que Brissaud a très bien décrite et d’une flexion 
du pied, de la jambe et de la cuisse. Ce sont là les mêmes mouve- 
' ments que ceux qu'on observe à l’état pathologique. Mais chez le sujet 
‘normal Ja contraction est rapide, de courte, durée, tandis que chez les 
malades. dont il est question l’attitade en flexion obtenue par l'excitation 
plantaire se maintient généralement quelque temps et ne reprend que 
‘lentement sa position primitive, ainsi que je l'ai dit précédemment ; 

en outre chez ces derniers, l'amplitade du mouvement est bien plus 


.. marquée d'habitude. Ces différences sont souvent suffisantes pour établir 


une ligne de démarcation nette entre l'état physiologique et l'état patho- 
logique. Toutefois, en se fondant uniquement sur ce qui vient d’être dit, 
des.médecins encore peu expérimentés en clinique neurologique et n’ayant 
pas la vision précise de la forme des mouvements 1éflexes pathologiques 
seraient exposés à des erreurs; ajoutons à cela que ces mouvements 
; n'ont pas toujours la lenteur ci-dessus décrite. 
. "Un autre caractère plus important et conduisant à distinguer l'état 
physiologique de létat pathologique est le suivant: chez l’homme 
normal, l'excitation d'une région quelconque du membre, hors de la 
plante du pied, si elle peut provoquer un mouvement de flexion de la 
© cuisse eb de la jambe, ne donne jamais lieu à la flexion du pied. Je crois 
utile d'appuyer sur ce point. Sans doute, le retrait de la cuisse et. celui 
de la jambe qu'on peut observer alors semblent volontaires et différent 
d'habitude des réactions réflexes par les caractères du mouvement, ainsi 
que par ce fait que la contraction spéciale dutenseur du fascia lata signalée 
plus haut fait défaut; mais, je le répète, sans autres moyens distinctifs 
la confusion entre l'état physiologique et l’état pathologique pourrai 
- être malaisée à éviter. Au contraire, l'absence pour ainsi dire constan 
, de la flexion du pied chez le sujet normal (exception faite pour un cas d 
‚simulation qu'on pourrait d’ailleurs dépister) 1eud simple la solution d 
| - problème. La fecion du pied obtenue par l'excitation d'une autre régi 
que la plante du pred permet d'affirmer qu'on a affaire à un état morb 
Ce signe à lui seul me paraît donc décisif ; c'est Je criterium del’ 
. pathologique. Il va:sans dire que Ja conviction qu'il entraîne ne p 
que se fortifier lorsque ce caractère s'associe au précédent, à la len 
de la contraction et surtout de la décontraction. Au risque de décour 
l'étudiant dont je vous parlais au début de cette Conférence, je pro 
une expression nouvelle:, “signe de la flexion réflexe du pied” po 
désigner les réflexes pathologiques que nous étudions. Le moyen le 
simple pour constater ce phénomène est de pincer la peau du 
pied ou de la partie inférieure de la janbe. J'insiste auprè 
' mes auditeurs qui sont des débutanta sur l'intérét qu'il y & 
















REFLEXES DE DEFENSE 153 


signe, lequel & le double mérite d'être d'une exploration très facile et 
d'avoir une grande valeur clinique puisqu'il décèle l'existence d'une 
perturbation de la voie pyramidele, que celle-ci siège dans l’encéphale 
ou dans la moelle. S'ils retiennent seulement cette donnée, j'aurai la 
satisfaction de croire qu'ils n'ont pas perdu l'heure qu'ils ont bien voulu 
me consacrer. 


% + +. E r ж 


Le retrat du membre inférieur, et notamment la flexion du pied, 
a manifestement des rapports assez étroits avec le signe des orteils, 
puisque ces deux phénomènes paraissent bien caractéristiques d'une 
perturbation de la voie pyramidale; ces deux réactions motrices se 
produisent généralement dans les mêmes conditions et suivant un mode 
semblable ; je viens de dire que dans la triple flexion la contraction et . 
surtout la décontraction sont lentes; or, dans mon travail sur le 
phénomène des orteils, en 1898, je faisais déjà remarquer que le plus 
souvent l'extension des orteils (réaction pathologique) est exécutée avec 
plus de lenteur que la flexion des orteils (réaction normale). Je suis très 
porté à admettre—j’y reviendrai plus loin—que la pathogéuie du signe 
des orteils ressemble & celle de la triple flexion. Mais envisageant la 

uestion du point de vue clinique et, comme je l'ai dit dans mon travail 
ur les réflexes de défense publié en 1914, “ mettant absolument de côté 
ut ce qui concerne l'interprétation physiopathologique de ces phé- 
menes,” j'ai soutenu que les liens entre les réflexes dits de défense et 
e phénoméne des orteils ne sont pas indissolubles, que par conséquent 
1 y avait lieu de ne pas les fusionner complètement. 
| MM. Marie et Foix, tout en admettant qu'ils peuvent être dissociés 
et tout en reconnaissant que je n'ai pas prétendu qu'il y eût différence 
absolue de nature entre le signe des orteils et les réflexes cutanés de 
défense, déclarent être d'un avis contraire au mien. “Pour nous, au 
contraire,” écrivent nos collègues, “le signe de Babinski appartient à 
l'ensemble des mouvements automatiques complexes dont le mécanisme 
est un mécanisme de marche.” 

"M. Walshe, sans être d'accord avec les auteurs précédents sur le 
mécanisme de ces réactions motrices, ne veut établir aucune distinction 
entre ces deux phénomènes et il écrit que tandis que je regarde la triple 
flexion comme de nature défensive, je considère l’ “extensor response " 
comme un réflexe distinct et séparé, une chose à part pour laquelle je 
n'offre pas d'explication et qui resterait pour moi un signe mystique et 
inexplicable d'affection du faisceau pyramidal. Je répondrai à cela que, 
si je n'ai pas cherché à expliquer le phénomène des orteils quand je Va: 


' 
^ 


i 
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décrit, je n'ai jamais dit qu'il fût inexplicable, es je ne vois pas bien ce 
qu'il y a de mystique à se cautonner dans le domaine de l'observation 
clinique ; j'aurais plutôt mérité le reproche d’être “terre à terre.” 

Il est incontestable, je le répète, que l'extension réflexe des orteils et 
la flexion réflexe du pied sont, dans la majorité des cas, associées 
et je serais sans doute le dernier à le nier, ayant été le premier à signaler 


' en 1900, à propos du travail de Schaefer sur le réflexe antagoniste du 


pied, dont je vous entretiendrái dans un instant, que, dans l'hémiplégie 
organique, le pincement de la peau en diverses parties du pied et de la 
jambe peut provoquer à la fois ces deux réactions. Mais, encore une fois, 
l'une peut se produire sans l'autre. On peut observer non seulement le 
phénoméne des orteils en l'absence du signe de la flexion réflexe du pied 
"mais aussi la disposition inverse. 

J'ai cité autrefois, à l'appui de mon opinion, une Observation anatomo- 


.. clinique relatée par Dejerine, Lévi-Valensi et Long [14, 15]: il s'agissait 


d'un cas de paraplégie par section complète de la moelle ot ıl existait, en 
même temps que des réflexes de défense très nets, une flexion plantaire 
des orteils des plus franches ; il est à remarquer qu'il n'y avait pas trace 
de réaction de dégénérescence dans les muscles de la jambe. M. Walshe 
récase cette Observation à cause du,passage suivant qu'on y trouve: 
“Les pieds sont en varus équin et les orteils en dexion. Cette déforma- 
tion est aujourd'hui fixée par des rétractions fibro-musculaires." La 


critique de M. Walshe n'est pas sans valeur. Mais il y a tout lieu d 


penser que ces rétractions n'étaient pas assez marquées, au moi 
pendant un certain laps de temps, pour entraver l'exploration 
réflexes, car M. Dejerine donne à cet égard des renseignements tellemen 
circonstarciés qu'un doute ne peut guére subsister. Il écrit en effet 
“J'arrive maintenant à une question encore plus importante peut-être 
que les précédentes, à savoir l'état du réflexe curané plantaire. Pendant 
les six mcis que passa ce malade dans mon service, le réflexe cutané de 
la plante du pied se faisait des deux cótés en flexion plantaire, c a à 
dire comme à l'état physiologique.” 

Je rappelle aussi l'observation publiée par Pastine {27] se rapportant 
à un sujet atteint de paraplégie motrice absolue avec troubles &rés 
accentués de la sensibilité superficielle et profonde des membres infé- 
rieurs: J’extrais de ce travail le passage suivant: “Le fait intéressant 
pour la question qui nous occupe me semble être celui-ci : la possibilité 
presque constante d'obtenir, par une excitation plantaire un peu forte 
ou répétés, ou encore mieux par un pincement énergique de la peau du 
dos des pieds, le mouvement réflexe de flexion du pied, de la jambe et de 
la cuisse associé à la flexion nette de tous les orteils, et par une excitation 
minimale du bord plantaire externe, le signe de Babinski nettement 
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positif et isole Dans ce cas, c’est la flexion du gros orteil quí fait partic 
du mouvement général de retrait, et pourtant l'extension pathologique 
du méme orteil existe dans toute sa pureté.” 

Du reste, déjà dans un travail publié par moi en mars 1899 [2], bas¢ 
en particulier sur une observation qui est un type de paraplégie en 
flexion, avec mouvements spasmodiques intermittents accentuant la 
flexion des cuisses et des jambes, il est dit expressément que le réflexe 
cutané plantaire est normal. 

Des expériences de M. Ozorio de Almeida, confirmées par moi, ont 
montré que chez des sujets présentant le signe des orteils, une compres- 
sion du membre inférieur avec une bande élastique peut amener transi- 
toirement la réapparition du mouvement réflexe de flexion des orteils : 
or, le pied peut continuer alors à exécuter un mouvement réflexe en 
flexion à la suite de l'excitation de sa région dorsale. 

MM. Marie et Foix, dans un article sur “les réflexes d'automatisme 
médullaire [22],” écrivent à ce sujet: “ Nous avons, sur la plupart de ces 

‘points, pu reproduire les expériences de Babinski, mais l'interprétation 
que вова inclinons à donner nous apparaît comme très différente de la 
sienne" . . . . . . “Tl est aisé de se convaincre 
par l'observation IN que l'application de la bande d'Esmarch 
agit en supprimant momentanément Pexcitabilité réflexe des muscles 
ischémiés . Les muscles extenseurs, par suite des 
dispositions anatomiques, subiraient une ischémie plus intense que les 
fléchisseurs. . 

L'interprétation donnée par mes collègues me semble discutable 
Elle ne permet guére de comprendre ce fait noté chez certains sujets et 
que je rappelle: avant la compression, réflexe plantaire toujours en 
extension quelle que soit la région de la plante que l'on excite; aprés la 
compression, réflexe en extension ou en flexion suivant qu'on excite le 
bord externe ou le bord interne de la plante. 

De plus, en variant la durée de la compression, j'ai fait plusieurs fois 
lès constatations suivantes: après avoir enlevé la bande à un moment 
où le réflexe se faisait encore en extension, j'ai vu cependant, au 
bout de quelques instants, au retour de l'irrigation sanguine, le réflexe 
en flexion remplacer pour quelque temps le mouvement réflexe précédent. 
Il m'est arrivé alors d'observer, après avoir pincé la peau de la jambe ou 
du dos du pied, la flexion des orteils associée à une forte flexion du pied. 

Ces faits ne sont guére en concordance avec l'interprétation proposée 
par MM. Marie et Foix. D'ailleurs, celle-ci serait-elle juste, elle pin- 
firmerait pas ma thése, car me plagant simplement sur le terrain 
de l'observation, et sans contester aucunement les relations qui unissent 
la flexion réflexe du pied avec l'extension des orteils, les connaissant 
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méme depuis plus de vingt ans, comme je viens de le dire, ј'а voulu 
établir qu'il pouvait y avoir dissociation de ces deux phénomènes. 
Les cas où .cette dissociation existe, sans être très communs, ne 
sont pas tout à fait exceptionnels; j'en al observé déja un assez 
grand nombre et vous aurez l’occasion de la constater vous-mêmes 
sur lun des films que je ferai passer devant vos yeux. Il s’agit d'un 
malade atteint de paraplégie incomplète liée vraisemblablement à une 
plaque de sclérose; d’un côté on observe la trépidation épileptoïde du 
pied et le triple retrait associé à l'extension du gros orteil; de l’autre 
côté la trépidation épileptoïde et le triple retrait existent nettement, 
mais ce dernier phénomène coincide avec un réflexe plantaire en flaxion 
bien qu'il n'existe pas de réaction de dégénérescence dans les muscles de 
la jambe. 

Avant de terminer ce chapitre, je feral remarquer que Marie et Foix, 
malgré leur désaccord apparent avec moi, semblent avoir dans le fond 
une opinion analogue à la mienne, puisque dans leur premier article sur 
le retrait réflexe du membre inférieur [21] ils écrivent ceci: “Il (le 
retrait réflexe) est extrêmement fréquent dans l’hémiplégie constituée 
Il est en général associé au signe de Babinski, mais ne lui est pas snper- 
posable. On l’observe en effet en dehors de ce signe, particulière- 
ment chez certains pseudo-bulbaires, ou dans certains cas d’hémiplégie 
ancienne” ; et, dans un deuxième travail sur les réflexes d’automatisme 
médullaire [22], ils écrivent encore: “ L’on peut cependant voir, dans 
les cas où, par suite du combat entre le réflexe normal en flexion et le 
réflexe pathologique en extension, le mouvement Ges orteils. est nul ou 
même en flexion, le signe des raccourcisseurs établir une lésion que la 
recherche du signe de Babinski n'avait pu dépister.” 

N'est-ce pas absolument conforme à ce que j'ai soutenu ? 

. I] me semble intéressant, à l'appui de ma thèse, de noter que M. Van 
Woerkom, dans un travail “ Sur la signification physiologique des réflexes 
cutanés des membres inférieurs " [33], écrit. ceci: " Pourtant, le lien qui 

relie le signe de Babinski au ‘flexion réflexe” n'est pas indissoluble.”* 
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' Contrairement à l'usage suivant lequel l'exposé d'une question est 
généralement précédé de l'indication des noms de ceux qui s'en sont 
principalement occupés, j'ai cherché d'abord à faire une description des 
faits cliniques suffisante pour bien délimiter mon sujet. Je crois le 
moment venu de faire un historique, surtout étant donné que j'ai déjà 
été entrainó à signaler quelques controverses entre neurologistes. 

Les phénoménes que nous étudions paraissent avoir été nientionnés 
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pour la première fois en 1784 par Prochaska. L'expérience faite par cet 
auteur a été maintes fois reproduite depuis; Schiff, Vulpian, Brown- 
Séquard, pour ne citer que quelques-uns des physiologistes qui sc sont 
occupés des réflexes de défense, ont vu comme Prochaska qu'une grenouille 
ou un mammilére dont on sectionne la moelle dorsale retire brusque- 
ment la patte en fléchissant les divers segments de ce membre les uns 
sur les autres quand on en pique l'extrémité. 

Ce mouvement reproduit assez exactement celui qu'effectue, sous la 
méme excitation, une grenouille dont la moelle est intacte et qui cherche 
à se dérober à l'injure extérieure, à se défendre. Le phénoméne fut 
pour cela qualifié de “ mouvement réflexe de défense," et l'usage a con- 
sacré cette dénomination. 

Les physiologistes seuls s'occupérent d'abord de ces monvements 
particuliers. Vulpian, Brown-Séquard signalent il est vrai leur existence 
dans les tumeurs de la moelle et dans quelques autres affections de cette 
partie da névraxe, mais ils n’en indiquent pas la valeur sémiologique 
précise. 

L'attention qu'on leur avait prêtée fut même bientôt très réduite ` 
lorsqu'on acquit la connaissance des réflexes tendineux et qu'on s'attacha 
à leur étude. La briéveté des mentions qu'on trouve au sujet des 
réflexes de défense dans les meilleurs traités classiques de neurologie 
fait foi, d'ailleurs, de ce réel discrédit. 

C'est depuis vingt-cinq ans environ, et à la suite de ma communica- 
tion sur le réflexe cutané plantaire et le phénomène des orteils, que 
l'attention a été de nouveau dirigée sur les réflexes de défense, bien qu'on 
se soit servi parfois d'autres termes pour désigner les faits qui s'y 
rapportaient. 

Schaefer, dans un travail publié en novembre 1899 [31], décrit 

n phénomène réflexe dont voici les caractères : lorsqu'on presse 
"nergiquement, entre le pouce et l'index, le tendon d’Achille dans 
son tiers moyen ou son tiers supérieur, on provoque chez l'individu 
sain*une sensation de douleur légère et en même temps une trés 
faible extension du pied et parfois aussi une flexion des orteils Or, 
dans certains cas pathologiques, chez des malades atteints d'hémiplégie 
cérébrale organique, la même manœuvre donne lieu à une sensation de 
douleur plus intense et, en outre, à une flexion du pied ainsi qu'à une 
extension des orteils du côté paralysé. Ce réflexe pathologique se dis- 
tinguerait des autres réflexes tendineux parceque la réaction, au lieu de 
s'opérer dans le muscle dont le tendon est excité, se manifesterait dans 
les antagonistes, d’où la dénomination de »éfleze antagoniste que Schaefer 
propose de donner à ce phénomène. 

Ainsi que je l'ai dit dans une communication à la Société de Neurologie 
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' en janvier 1900, il est aisé de vérifier les faits décrits par Schaefer qui 


sont absolument exacts, mais ses déductions comportent des critiques : 
d'une part, l'extension des orteils qu'il indique n'est autre chose que le 
phénomène des orteils découvert antérieurement; d'autre part, rien 


. n'autorise à admettre que la réaction obtenue dans les expériences de 


^ 


Schaefer constitue un réflexe tendineux antagoniste. J'ai montré, en 
effet, que chez les hémiplégiques qui présentent ces réactions, extension 


‚дев orteils et flexion du pied, celles-ci sont généralement obtenues par le 


pincement de la peau seule dans le voisinage du tendon ou encore en 
d'autres parties du membre inférieur. Comme on le voit, ces observa- 
tions ont conduit à cette notion nouvelle, dont j'ai fait ressortir précédem- 
ment l'intérét, qu'une excitation da membre inférieur, hors de la zone 
plantaire, incapable de produire une flexion réflexe du pied à l'état 
normal, peat en déterminer une dans l'hémiplégie organique, affection 


‘dans laquelle la voie pyramidale est intéressée. 


Les réactions décrites ultérieurement par Oppenheim sous la denomı- 
nation d' “ Unterschenkelphaenomen " dans les affections pyramidales 
sont identiques aux précédentes. Voici en quoi elles consistent: tandis 
que l'excitation des téguments de la partie interne de la jambe provoquée 
par le frottement ne détermine à l'état normal aucun réflexe, ou seule- 


‚ ment une flexion des quatre petits orteils, cette excitation, dans les cas 


où il y a une lésion de la voie pyramidale, produit une contraction des 


‘muscles extenseur propre du gros orteil, jambier antérieur, extenseur 


commun des orteils et parfois des muscles péroniers. 

Van Gehuchten [82], en août 1900, dans une étude "sur les 
réflexes cutanés et les réflexes tendineux," s'occupe particuliérement de 
réflexes de défense dans les lésions atteignant le système pyramidal, i 
se sert de ces termes: “mouvement de retrait brusque de tout | 
membre: flexion du pied sur la jambe, de la jambe sur Ja cuisse, de ] 
cuisse sur le bassin, avec mouvements d'adduction de la cuisse." 

Je reviens sur ce sujet dans un travail publié en 1904 à Ja Société de 
Neurologie et intitulé: “Sur la transformation du régime des réflexes 
cutanés dans les affections du systéme pyramidal.” - 

Bechterew [11] en 1906 a publié une note sur les mouvements 
réflexes produits par la manœuvre qui consiste à flechir le pied et les 
orteils. 

En mai 1910, nous cherchons, Jarkowski et moi [7], à utiliser les 
réflexes de défense pour déterminer le niveau inférieur d'une lésion 
spinale. j 

En juillet 1910, Pierre Marie et Foix publient leur premier travail 
sur ce sujet [21]. Il est intitulé: “ Sur le retrait du membre inférieur 
provoqué par la flexion forcée des orteils.” 
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En 1910 Claude [13] traite de l'hyperkinésie réflexe qu'on peut 
observer au membre supérieur. 

En janvier 1911 [3], je décris “la paraplégie spasmodique avec 
contracture en flexion et contractions musculaires involontaires” et je 
fais ressortir les liens qui l'unissent aux réflexes de défense. En mai 
1912, je reviens sur ce sujet [4]. 

Nouveau travail de Marie et Foix en mai 1912 [22], intitulé . “ Les 
réflexes d’automatisme médullaire et le phönomene’des raccourcisseurs. 
Leur valeur sémiologique. Leur signification physiologique.” 

En 1912, mémoire de van Woerkom [33]. “Sur la signification 
physiologique des réflexes cutanés des membres inférieurs.” 

En 1914-1915 [6], je publie une étude sur les réflexes de défense, 
et quelques semaines plus tard Pierre Marie et Foix [23] font paraitre 
à leur tour un mémoire sur “les réflexes d’automatisme médullure dits 


de défense.” 
Dans un travail intitulé. “ Quelques remarques sur les réflexes de 


défense dits d'automatisme médullaire ” [18], Jarkowskı discute la 
pathogénie de ces phénomènes. 

Voici maintenant l'indication de plusieurs travaux sur le sujet qui 

nous occupe qui sont l’œuvre de neurologistes anglais : 
. Е. M. R. Walshe: “The Physiological Significance of the Reflex 
Phenomena in Spastic Paralysis of the Lower Limbs” |34], еі“ On 
the Genesis and Physiological Significance of Spasticity and othe 
Disorders of Motor Innervation” [35]. 

Henry Head and George Riddoch: “ The Automatic Bladder, 
Excessive Sweating and some other Reflex Conditions in Gross Injuries 
of the Spinal Cord” [17]. 

George Riddoch : “ The Reflex Functions of the Completely Divided 

. Spinal Cord in Man” [28], et “ Тһе Clinical Picture of Complet. 
‘Transverse Division of the Spinal Cord ” [29]. 

, George Riddoch and Farquhar Buzzard: “Reflex Movements and 
Postural Reactions in Quadriplegia and Hemiplegia, with especial 
reference to those of the Upper Limb” [30]. 

Je fais une place à part au grand physiologiste Sherrington dont les 
découvertes ont orienté les recherches des neurologistes anglais et les 
ont inspirés dans leurs interprétations des faits cliniques observés Le 
nom de Pbilipson, collaborateur de Sherrington, mérite aussi d’être 
particulièrement retenu. 


" + 2 = 


Après ce court historique, reprenons le fi] de nos idées. J'ai dit que 
si le lien entre les réflexes de défense patbologiques, notamment la flexion 
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réflexe du pied et le signe des orteils, n’est pas indissoluble, il est pourtant 
assez étroit. 

Et quelles sont les relations entre ces diverses réactions et la 
surréflectivité tendineuse qui elle aussi constitue une signe de perturba- 
tion de la voie pyramidale? On peut dire, a priori, que ces deux ordres 
de phénomènes doivent être souvent associés, mais c'est une liaison 
beaucoup moindre que la précédente. Dans le tabes dorsal spasmodique 
avec surréflectivité tendineuse extrêmement forte, la flexion réflexe 
du pied est généralement faible ou même fait défaut, ce qui, à la vérité, 
pourrait tenir à la contracture en extension qui entrave la manifestation 
des réflexes de défense. Dans l'hémiplégie organique avec exagération 
notable des réflexes tendineux et trépidation épileptoide, la flexion réflexe 
du pied peut aussi manquer de même qu'il y a parfois absence du signe 
des orteils. 

' . Mais ce qui est plus frappant c'est la disposition inverse. affaiblisse- 

^ ment ou abolition des réflexes tendineux avec exagération notable des 
réflexes de défense. C'est ce qu'on observe d'habitude dans la maladie 

. de Friedreich ; c'est ce qu'on peut voir dans le tabes associé à une lésion 
^pyramidale. J'ai insisté déjà en 1898, dans un travail relatif au 

. phénomène des orteils [1], sur la coexistence de ce signe avec la 
subréflectivité ou l'irréflectivité tendineuse. “J'ai constaté, disais-je, 
ce phénomène dans plusieurs cas d'hémiplégie récente flasque, où les 
téflexes tendineux étaient normaux, affaiblis ou méme ‘abolis du côté 
paralysé." 

On observe très couramment des malades aiteints de paraplégie 
crurale plus ou moins marquée avec réflexes tendineux normaux, sans 
trace de trépidation épileptoide du pied et avec réflexes de défense trés 
caractérisés. Je suis convaincu, certain méme, qu'autrefois beaucoup 
de malades de ce genre ont été considérés comme atteints dé paraplögıe 
hystérique. Ces erreurs sont devenues bien plus rares depuis que la 
connaissance des signes en question s’est répandue parmi les praticiens. 

Dans la paraplégie en flexion, sur laquelle je reviendrai plus loin et 
dont le trait le plus essentiel est l’exagération des réflexes de défense, 

' les réflexes tendineux peuvent aussi étre exagérés, mais il n'en est pas 
toujours ainsi: ils sont parfois d'une intensité moyenne, ıls peuvent être 
faibles et semblent méme abolis dans certains cas Je sais bien que 
l'exploration des réflexes tendineux est rendue quelquefois difficile par 
les rétractions fibro-tendineuses, par l'intensité et la fréquence des 
spasmes qui se produisent; mais en renouvelant les explorations à 
plusieurs reprises, en saisissant, pour les pratiquer, les moments où le 
' spasme cesse, il est ordinairement possible de se rendre compte de l’état 
de la réflectivité tendineuse. Si j'ai bien compris ce qu'a écrit М. Walshe 
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à ce sujet, ıl est d’avis que dans la paraplégie en flexion, si les réflexes 
tendineux des extenseurs peuvent être abolis, ceux des fléchisseurs sont 
toujours exagéiés. Je ne puis souscrire А cette opinion, n'étant assuré 
dans quelques cas de paraplégie en flexion que les réflexes tendineux des 
fléchisseurs de la jambe sur la cuisse n'étaient pas du tout au-dessus 
de Ja normale et paraissaient méme plutót faibles. 

Dans la paraplégie en flexion, l'affaiblissement des réflexes tendineux 
peut survenir apiès une période plus ou moins longue pendant laquelle 
il y a eu surréflectivité tendineuse. Mais il y a des cas où, dès le début, 
les réflexes tendineux sont amoindris. J'ai rapporté une Observation de 
ce genre; voici un passage du travail où ce fait est relaté [4] : “Ce qu 
est capital c'est que, chez cette malade, où l'existence d'une affection 
‘organique de la moelle intéressant les faisceaux pyramidaux est incon- 
testable, on observe une contracture associée à une abolition à peu prós 
complète des 1éflexes tendineux et à des 1éflexes de défense extrêmement 
forts. Ce fait constitue un nouveau document relatif à l'histoire de la 
paraplégie spasmodique organique avec contracture en flexion et con 
fractions musculaires involontaires, et 11 mérite pour plusieurs motifs 
d'a&tiver l'attention. 

“ Tandis que, chez les sujets aù la contracture en flexion est per- 
manente eb a acquis une grande intensité, la faiblesse ou l'abolition des 
réflexes tendineux est difficile à apprécier et ne peut être affimée qu’ 
après des examens plusieurs fois renouvelés; dans le cas particulier, la 
contracture en flexion étant intermittente, on est à même, pendant les 
phases de détente qui sont très fréquentes, de se rendre un compte exact 
des réflexes tendineux; on s’assure aisément que le réflexe rotulien droit 

t les réflexes achilléens sont abolis. J'ajoute que l'affaiblissement des 
réflexes tendineux a élé noté. dans ce cas, dès le début de l'affection et 

'a pas été précédé de l'exagération de ces réflexes, ainsi que cela se voit 

ssez souvent dans cette forme de paraplégie." 

t 


* * * + 


L’exageration des réflexes de défense conduit-elle senlement au 
diagnostic de perturbation de la voie pyramidale? N’est-elle pas en 
mesure de fournir d’autres renseignements ayant une portée pratique, 
notamment dans les cas de compression de la moelle? C'est une 
question que uous avons cherché à résoudre, Jarkowskı et moi. 
Mais il est de mon devoir de signaler un passage relatif à ce sujet que 
j'extrais de l'ouvrage de Duchenne de Boulogne “De Pélectiisation 
loceli-ée " et qui nous avait échappé autrefois: “ Le point où le chatouil- 
lement de la peau cesse de provoquer des contractions réflexes indique 
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. le niveau où existe la compression de la moelle.” 1l est A noter que ce 
moyen de localisation n’avait jamais été utilisé jusqu’à nous par aucun 
des neurologistes qui s'étaient occupés de repérer les tumeurs com- 
< primant la moelle en vue de l'intervention chirurgicale. Voici, en 
résumé, ce que nous avons cru pouvoir déduire de nos investigations 
_ Dans tout le territoire cutané en rapport avec la portion de la moelle 
· sous-jacente à la partie inférieure de la lésion et dans ce territoire seule- 
ment, du moins quand la paraplégie est trés marquée, une excitation 
peut provoquer des réflexes de défense. On possede ainsi un moyen de 
déterminer la limite inférieure de la compression. Ce n'est pas là une 
vue théorique. Cette donnée est établie déjà sur un certain nombre 
d'observations ott le diagnostic a été vérifié pendant l'opération. 
On & aussi publié, il est vrai, quelques faits qui tendent à infirmer 
cette notion, mais la contradiction n’est peut-être qu'apparente et j'ai 
* cherché à l'expliquer dans mon travail de 1914, dont j’extrais le passage 
suivant : 
“ Cela tient, je pense, aux difficultés nombreuses que l’on rencontre 
quand on s'efforce de délimiter le territoire des réflexes de défense. On 
: «est exposé à des erreurs d'observation et d'interprétation sur lesquelles je 
crois devoir insister. 
“C'est ainsi que chez des malades ayant conservé en partie leur 
. motilité volitionnelle, un mouvement volontaire pourrait faire prendre 
` le change et être considéré à tort pour un réflexe de défense. Chez 
., d'autres malades, un mouvement spasmodique ‘spontané’ risque d’être 
^ attribué à une excitation provoquée par l'expérimentateur, s'il coincide 
avec cette dernière. On saisit immédiatement la portée d'une telle con 
fusion, si cette excitation a été appliquée au-dessus du territoire de 
' réflexes de défense. 
‘ D'autre part, la réflectivité peut varier au cours d'un même exam 
' et, a fortiori, d'un jour à l’autre ; on obtient ainsi des résultats 
apparence contradictoires. De plus, la surréflectivité, que nous avons 
, en vue, n’atteint son niveau maximum qu'à une période plus ou moins 
' tardive de l'évolution de Ia maladie. 

“Tl faut done renouveler les explorations pendant plusieurs jours, au 
besoin pendant plusieurs semaines, et.retenir, entre les limites variées 
qui ont été obtenues, celle qui est la plus élevée, qu'elle se trouve des 
deux côtés au même niveau ou à des hauteurs differentes, pourvu qu'elle 
soit dûment établie. 

“Tl est encore essentiel de savoir que les réflexes de défense se laissent 
provoquer beaucoup plus facilement sur les membres inférieurs que sur 
le tronc et que parfois le domaine de la surréflectivité ne dépasse pas le 
pli de l'aine, même lorsque la limite inférieure de la lésion siège à la 
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partie moyenne de la moelle dorsale ou au-dessus. Notre expérience 
nous a appris qu'il fallait seulement tenir compte des cas où la surré- 
flectivité envahıt une partie plus ou moins étendue du tronc, à moins 
que d’autres symptômes ne permettent déjà de localiser la lésion dans 
la région lombaire ou sacrée. 

“ Enfin, je rappelle que les réflexes de défense se laissent provoquer 
de préférence tantôt par le pincement, tantôt par le froid, la chaleur, 
l'électricité ou la piqûre. Dans chaque cas particulier, il faut employer 
le mode d’excitation qui constitue le réactif le plus sensible. 

“Оп voit, par ce qui précède, combien ces recherches sont délicates, 
et je conviens qu'un observateur, quelque averti et méthodique qu'il soit, 
ne parviendra pas toujours à obtenir de ses investigations sur les réflexes 
de défense des renseignements utilisables.” 

Il n’en est pas moins vrai, pensons-nous, que dans certains cas de 
compression spinale il sera possible d'acquérir ainsi des données in-* 
téressantes pour le diagnostic topographique des lésions, surtout si on 
les rapproche de celles, plus importantes sans aucun doute, qui sont 
fournies par les troubles de la sensibilité 
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Autre probléme. L'intensité des réflexes de défense et les diversités 
de forme qu'ils présentent sont-elles en rapport avec l'intensité des 
lésions, le niveau où elles siègent et leur nature? Dans mon article de 
1898 j'écrivais déjà ceci à propos da signe des orteils : ‘ П faut done bien 
emarquer que ce signe, s'il révèle l'existence d'une perturbation dans le 
ystéme pyramidal, n'en dénote pas la gravité. . . . Il semble 
éme qu'il puisse parfois constituer le seul indice de cette perturba- 
ion." Je reviendrai dans un instant,sur ce point. 

Pour ce qui est relatif au niveau, j'ai dit autrefois et tous les neuro- 
logistes semblent d'accord là-dessus, que les réflexes de défense sont, 
d'une manière générale et sauf, à la période initiale quand il y a shock. 
plus accentués dans les lésions spinales que dans les lésions cérébrales, 
ce qui tient peut-être en partie à ce que d'ordinaire les premières sont 
bilatérales, les secondes unilatérales. 

En ce qui regarde la nature des lésions, d'après ce que j'ai observé, 
je pense que l'exagération des réflexes de défense est particulièrement 
intense et durable dans les cas de paraplégie spasmodique par com- 
pression de la moelle ou par sclérose spinale dans lesquels les altérations 
dégénératives du faisceau pyramidal font défaut ou sont peu prononcées. 
Plusieurs observations tendant à confirmer cette opinion ont été rap- 
portées par divers auteurs [26]. 
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A Les faits de section compléte de la moelle observéa à la suite de 
traumatisimes de guerre ont montré à MM. Hesd, Riddoch, à M 
Lhermitte que ces lésions, qui produisent le maximum de dégénération 
peuvent aussi se manifester, à une certaine période de leur évolution, par 
des réflexes de défense tı&s marqués. Mais dans ces derniers cas, la 
phase pendant laquelle les réflexes de défense sont exagérés est relative-' 
ment courte et la contracture qui se lie à ces réflexes dans la paraplégie 
que j'ai envisagés et dont nous aurons à nous occuper dans la suite, 
manque ou est peu marquée. Hn tout cas, mes observations ont montré 
que l'intensité des réflexes de défense n'est pas, tant s'en faut, en propor- 
tion directe avec le degré d'intensité de la dégénération secondaire. M. 
“Walshe, à ce propos,{dit ceci: Le point soulevé par Babinski qu'il peut n'y 

'' avoir que peu ou pas de dégénération secondaire de la voie pyramidale à 
l'examen anatomique dans de tels cas n'a pas de signification spéciale 

% parceque, comme Gordon Holmes l'a montré, il n'y a pas de relation 

" directe, constante entre la gravité des manifestations cliniques et la 
dégénération descendante secondaire. Une lésion en foyer de la moelle, 
dit-il, peut causer une paralysie spastique extrême et perte du contidle 
sphinctérien, et cependant, à l'autopsie, 11 peut ne pas y avoir de dégéné- 
ration spinale descendante. 

Je suis cela depuis longtemps et j'a1 précisément rapporté moi-même 
en 1899 une Observation de ce genre que j'ai déjà rappelée. Mais il faut 
savoir aussi qu'une paralysie complète due à une compression de la 
moelle, accompagnée de réflexes de défense trés intenses, peut guérir 
totalement; et cette régression des accidents n'est elle pas expliquable 
par l'absence de dégénération? C'est ce que j'ai cherché à mettre е 
lumiére. - | 

Je le répète, la présence de réflexes de défense même très prononc 

. et avec accompagnement de troubles moteurs des plus marqués, n'est p 

nécessairement l'expression d'un état incurable. Entre autres faits à 
l'appui de cette notion, je puis vous citer quelques extraits d'une Obser- 
vation publiée par Jarkowski, Lecéne et moi [10] et intitulée: " Pnra- 
plégie crurale par néoplasme extra-dure-mérien. Opération. Guérison.” 
En décembre 1911, on note ceci: “La malade présente une paraplégie 
spasmodique en extension avec troubles de la sensibilité remontant 
jusqu'à la ligne mamelonnaire. La paralysie des membres inférieurs 
est conplète et ne cède méme pas sous l'influence de divers procédés 
dynamogénisants (faradisation, application de la bande d' Esmarch). 
Cette contracture ne peut être 'vaincue que par un très grand effort; 
pourtant, elle n'est pas toujours égale à elle-même et peut être diminuée 
par des mouvements passifs. De plus, la contracture en extension est 
entrecoupée de temps à autre par des mouvements spasmodiques invo- 


` 
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lontaires qui déplacent brusquement les membres inférieurs, fléchissent 
la cuisse, la jambe et le pied, les allongent ensuite avec une grande force, 
en détachant le membre du plan du lit, et ainsi de suite, jusqu'à ce que 
le membre retrouve sa position primitive de repos. 

“ Ces spasmes ве produisent soit dans un seul des membres inférieurs, 
' soit dans les deux, et alors tantôt ils revétent la méme forme des deux 
côtés, tantôt ils donnent lieu à une flexion à droite et une extension à 
gauche ou vice-versa. Les réflexes tendineux des membres inférieurs 
sont nettement exagérés ; il y a de la trépidation épileptoide du pied 
des deux côtés. 

“On constate le signe des orteils des deux côtés. 

“Les réflexes de défense sont fortement exagérés et peuvent être 
provoqués même par des excitations très légères. Leur forme varie 
suivant la position des membres et l'endroit de l'excitation, mais elle 
est sensiblement pareille à celle des spasmes involontaires spontanés.” 

La malade est opérée en janvier, 1912. L'intervention est suivie 
d'une amélioration qui se poursuit ensuite, mais lentement. 

En juin 1914, on note: “ Elle marche toute seule, sans canne, pas 
trés vite, il est vrai, mais d'une maniére à peu prés normale; elle ne 
traîne pas ses jambes; elle ne fauche pas; la pointe du pied ne butte 
pas contre le sol. 

“ Un examen objectif minutieux ne décèle comme reliquat des troubles 
d'autrefois qu'une tendance à l'extension des orteils et une lógére exagé- 
ration des réflexes de défense.” 

J'apprends ultérieurement que la guérison est devenue complète. 

Ce n'est pas dans la patrie de l'illustre Horsley dont je m'honore 
d'avoir été l'ami, que je provoquerai de la surprise en rapportant l'obser- 

ation d'une paraplégie due à une tumeur comprimant la moelle et 

uérie à la suite d'une intervention chirurgicale. Si je l'ai relatée, c'est 
afin de bien mettre en évidence ce fait que la surréflectivité défensive 
n'implique pas l'idée d'incurabilité. 

Les réflexes de défense, après disparition complète des troubles 
moteurs, peuvent redevenir absolument normaux. 

On a pris l'habitude de dire que l'exagération des réflexes de défense 
témoigne que la moelle est délivrée du joug des centres supérieurs ; mais, 
comme on le voit par ce qui précéde, la moelle, en recouvrant les réflexes 
de défense de ses ancêtres, n’a pas reconquis toute leur mdépendance . 
pareile aux affranchis de Rome, elle ne jouit parfois que d'une liberté 
transitoire et elle est exposée à reprendre ses chaînes, ce qu'atteste le 
retour des réflexes à l'état physiológique. 

Mais il y & plus: dans certains cas, les réflexes de défense patho- 
logiques survivent à tous les autres troubles. 
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Entre autre malades de ce genre, j'en puis citer un qui, guéri d'une 
paraplégie par lésion syphilitique de la moelle, avait recouvré la motilité 
au point de pouvoir parcourir sans arrêt une distance de plus de dix 
kilométres et qui cependant présentait d'une maniére trés nette le signe 
des orteils et le signe de la flexion réflexe du pied. 

On peut dire qu'en pareille occurrence il s'agit de la part de la moelle 
d'une fanfaronnade, d'un bluff. elle affiche des airs d'indépendance, se 
prétend libérée, tout en obéissant servilement à l'encéphale, son maitre, 

Sı la diminution progressive des réflexes de défense préalablement 
exagérés peut étre un signe favorable, comme dans l'observation de . 
tumeur que je viens de rapporter, elle peut au contraire dénoter une 


QU aggravation : dans les cas de section complète de la moelle, ces réflexes 
r S'affaiblissent d'habitude à la période qui précède la mort. 


J'ai été amené à vous indiquer l'état des réflexes de défense dans les 
sections spinales totales à la phase terminale, à Ja phase moyenne. Je 
dois vous exposer l'état de ces réflexes à la premiere phase, aprés le 


' traumatisme. Sous l'influence du shock, les réflexes cutanés aux membres 


inférieurs peuvent être complètement abolis comme le sont les réflexes 
tendineux. Pour ce qui concerne les réflexes tendineux, dont je ne vous 
parle qu'incidemment, et contrairement à l'opinion émise par Bastian et 
acceptée pendant trente ans par la majorité des neurologistes, leur aboh- 
¿tión n'est pas non plus défimtive; ils peuvent reparaitre et même 
atteindre un degré plus élevé que la normale, mais leur retour est plus 
tardit que celui des réflexes cntanés. Au sujet de cés derniers, les 
opinions ne sont pas toutes concordantes, ce qui tient sans doute à la 
diversité des cas et à ce qu'un méme auteur a eu seulement l'occasior 
d'observer un nombre de faits restreint. П y aurait tantôt abolition d 


' réflexe cutané plantaire, tantôt extension, tantôt flexion des orteil 


D'après Guillain et Barré, le réflexe en flexion de ces paraplégiques se 
différencie de celui de l'homme sam par sa lenteur, son temps de latence 
prolongé, la persistance relative de l'attitude en flexion. Dans cette 
première phase, la zone réflexogène serait limitée, comme à l'état 
physiologique, à la zone plantaire, et ce n'est qu'ultérieurement qu'elle 
s'étendrait à tout le pied et à la jambe ; les réflexes deviennent de plus 
en plus forts et une exagération parfois trés marquée des réflexes de 
défense se constitue alors. 

Il y a lieu de comparer ces faits de paraplégie à début brusque avec les 
cas d'hémiplégie cérébrale succédant à un ictus apoplectique. Souvent, 
dés les premiers jours, alors que le malade est encore dans le coma, que 
In paralysie est complète et la surréflectivité tendineuse d'habitude 
afaıblie, on peut constater l'extension réflexe des orteils et la flexion. 


REFLEXES DE DEFENSE 169 


qu'il n’en est pas toujours ainsi. A la page 63, où il est fait mention de 
l’état des reflexes cinquante-deux jours après l'examen précédent, nous 
trouvons ceci: “Les mouvements de défense sont toujours très accusés. 
Le pincement de la peau de la face antérieure de la cuisse détermine 
l'extension de la jambe et la contraction tonique du quadriceps; quel- 
quefois, le mouvement s'étend au membre opposé." 

(c) Présence de ce que les auteurs anglais appellent ''local sign” et 
qui consiste en ce que les réactions seraient différentes suivant les points 
excités. Si, par exemple, l’excitation de la plante du pied, selon qu'elle 
porte sur sa partie externe ou sa partie interne, provoque, outre la triple 
flexion, une abduction ou une adduction du pied, on pourrait affirmer 
que la section est incompléte. 

D’aprés Riddoch, si je l'ai bien compris, dans la section incompléte, la 
zone réflexogéne du réflexe en flexion ne dépasserait pas le genou. Cette 
opinion me semble en contradiction avec certains faits. Vous verrez sur 
un des films une malade atteinte de paraplégie incompléte; elle peut 
mouvoir volontairement ses membres inférieurs et cependant l'excitation 
de l’abdomen avec un tube de glace provoque une flexion comme l'excita- 
tion du pied. 

Par contre, on pourrait considérer, d'aprés MM. Head et Riddoch, 
comme caractéristique d'une section totale, d'une libération complète de 
la moelle, се qu'ils appellent “ Massreflex," c'est à dire réflexes, de 
défense toujours en flexion avec mictions réflexes et forte sudation dans 
le segment inférieur du corps. 

J'ai eu l’occasion de décrire moi-même les troubles vésicaux en 

uestion dans mon travail déjà cité. Voici le passage qui s'y rapporte : 

“Les grands mouvements des membres, qui s'imposent surtout à 

ttention, furent seuls étudiés au début, mais un examen minutieux 
Pontre que d'autres groupes musculaires peuvent entrer en jeu, comme 
cela résulte des recherches faites par mon élève Barré. Le contraction 
des muscles de la paroi abdominale provoque un retrait de l'abdomen ; 
celles des muscles de la paroi thoracique produit des spasmes respira- 
toires brusques. Ces divers mouvements se font généralement en méme 
temps que ceux des membres ou les suivent à trés court intervalle. 
Enfin, les muscles profonds du tronc, ceux qui sont en partie volon- 
taires, comme le diaphragme, ou ceux qui sont spécialement adaptés à 
la vie végétative, comme les muscles intestinaux et les muscles vésicaux, 
peuvent également entrer en contraction en même temps que les 
muscles des membres; les malades ont parfois alors des débâcles 
gazeuses ou des ınictions involontaires qui témoignent de la mise en 
activité de certains de leurs muscles lisses." 

Y a-t-il là des éléments de différenciation ? 
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Ce que je puis dire c est que nous avons suivi très кары J arkowski 

' et. moi, un sujet atteint'd'une paraplégie liée à dés lésions spécifiques, para- 
plégie très grave, mais dans laquelle les mouvements volontaires n'étaient 
pas complètement abolis; la moelle n'était donc pas entièrement libérée 
des centres supérieurs ; or, chez ce malade, bien souvent, des excitations ' 
diverses déterminaient, en même temps que des ‘réflexes de. défense, des 
mictions involontaires et l'évacuation de matières fécales. 

Avant de terminer ce chapitre je ferai remarquer que l'on a très 


‘rarement l’occasion d'observer des éas avérés de section totale. Ce sont 


.. les blessures de guerre qui ont fourni le matériel d'études. Sans elle, la 


1 


prétendue loi de Bastian ne serait pas encore abrogée. Mais avouez que 


n les acquisitions neurologiques nouvelles sont une bien faible compensation 
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des miséres déchainées par la catastrophe mondiale. 
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. Quelques inots sur les mouvements réflexes des membres supérieurs. - 
Claude, dans un travail: “Sur certains phénomènes d’hyperkinésie 


| reflexe ” [18] a décrit dans l'hémiplégie cérébrale des réactions motrices 


réflexes et a eu surtout en vue celles du membre supérieur. 
J'ai. mentionné.des reflexes de défense du membre bétons dans 


ps mon article de 1915: “Ils consistent également, disais-je, en mouve- 
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* , présenter des modalités diverses comme les réflexes du membre inférieur А 
_ Mais ils sont plus souvent que ceux-ci localisés à un seul côté.” 


(8 
Yl 


'. approfondie de ces réactions motrices dans un travail dont j'ai don 


ments de retrait ou d'allongement, souvent combinés à de la pronation 
, de l'avant-bras et de l'adduction du bras. Ces mouvements peuvent 









MM. George ‘Riddoch et Farquhar Buzzard [30] ont fait une étud 


‘déjà l'indication оар et sur lequel le manque de tem 
; m'empéche d'insister. 
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Comment se comportent les réflexes de défense pendant le sommeil 
artificiel? Cela dépend sans doute de l'agent anesthésiant dont on fait 


' usage. On sat que l'éther agit autrement sur les réflexes tendineux 


RU 


que le chloroforme. Je ne puis entrer dans les détails de cette question ; - 
je me contenterai de livrer comme document Observation suivante 
` recueillie avec un soin minutieux : : 
~ Compression de la moelle de D* à De “il s'agit du sujet que vous 
verrez sur un de mes films et’ chez lequel le niveau inférieur de Ја 
compression correspondait à la limite supérieure des réflexes de 
défense): Paraplögie incompléte avec contracture en extension 
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d'intensité moyenne.  Hypoesthésie jusqu'à D.  Réflexes rotuliens 
forts, trépidation épileptoide du pied. Signe des orteils et flexion 
réflexe du, pied très caractérisés. La malade reçoit une heure avant 
l'opération, en injection sous-cutanée, un centigramme de chlorhydrate 
de morphine et un milligramme de bromhydrate de scopolamine. Elle 
est ensuite endormie à l'éther avec l'appareil d'Ombredanne. L état 
des réflexes tendineux et des réflexes de défense reste semblable à ce 
qu'il était précédemment à un moment où l'anesthésie, semblant com- 
plète, se traduit par l'abolition du réflexe cornéen, l'abolition presque 
complète des reflexes pupillaires, l'insensibilité au pincement avec une 
pince et à l'incision pratiquée pour l'intervention. Pendant vingt minutes, 
jusqu'au moment de l'ouverture du canal rachidien, la malade étant 
plongée dans un sommeil profond, les réflexes tendineux et les réflexes 
cutanés, examinés de deux minutes en deux minutes, ne subissent pas ' 
de modification appréciable. Je note seulement que la flexion réflexe 
du pied obtenue par le pincement de la peau de la jambe est peticu- 
lièrement lente. le pied, après s'être fléchi, ne revient à sa position de 
départ qu'au bout de six à dix secondes. Lia contracture s'atténue pro- 
gressivement. 

Peu de temps après l'ouverture du canal rachidien et excision d'un 
tissu néoplasique un peu adbérent à la dure-mére, un nouvel examen 
des réflexes est fait, quatre ou cinq minutes aprés le précédent. Cette 
fois, transformation compléte: tous les réflexes sont abolis. La pression 
artérielle qui avait été prise plusieurs fois depuis le début de l'opération 
et qu'on explore de nouveau à ce moment ne s'est pas modifiée (16 avec 
la méthode des oscillations). Mais trés peu de temps aprés, la pression 
i systolique, recherchée de nouveau, n'est plus que de 5. À noter que la 
Jrempérataro rectale mesurée à ce moment est de 3872 alors qu'elle 
était de 37°4 au début. Quant à la rigidité musculaire, elle a complète- 
ment disparu. En présence de cet état de shock, on met fin à l'opération 
Une heure uprés, les réflexes rotuliens ont reparu, mais ils sont faibles ; 
les réflexes achilléens restent abolis; le pincement de la peau de la face 
dorsale du pied ne provoque aucun mouvement ; l'excitation de la plante 
«du pied détermine une forte extension du gros orteil, la triple flexion du 
pied, de la jambe et de la cuisse, et une contraction du tenseur du fascia 
lata.. Le lendemain de l'opération le pıncement du dos du pied déter- 

minait l'extension des orteils et la flexion réflexe du pied. 
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Je vais actuellement étudier les réflexes de défense dans leurs rapports 
avec les troubles moteurs, la paraplégie spasmodique, la contracture. 
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Mes observations m'ont conduit à assigner à chacune de ces deux formes 
de paraplégie, celle en extension et celle en flexion, des caractères 
cliniques distinctifs, au milieu desquels les réflexes de défense occupent 
une place importante. Pour donner un aperçu exact des idées que j'ai 
exposées sur ce sujet, je pense que le mieux est d'extraire d'un travail que 
га publié en 1919 [5], sur les réflexes tendineux et les réflexes osseux, 
les passages suivants : 
“Je dois m'occuper, en y insistant, d'une variété de contracture sur 
' laquelle j'a appelé l'attention et qui, étant donné le but que nous visons, 
mérite d’être décrite. On l’observe surtout aux membres inférieurs et elle 
'. est un des élements constitutifs d'une espèce de paraplégie dont on 
_ saisira mieux l'aspect en la rapprochant de la paraplégie spastique d'Erb. 
*. Celle-ci, nous le rappelons, se caractérise par les phénomènes suivants : 
* (а) rigidité musculaire en extension, stable; (b) simple parésie, c'est à 
« ‚dire affaıblıssement peu prononcé de la motricité volontaire ; (c) exagéra- 
tion notable des réflexes tendineux avec trépidation épileptoide du pied, 
‚et parfois danse de la rotule ; (d) réflexes de défense légèrement exagérés 
* ‚у ou à peu prés normáux ; (e) signe des orteils. 
‘Voice maintenant les caractères de la paraplégie que nous avons en 
. vue. (a) rigidité musculaire en flexion, qui au début cesse par moments 
d'une manière complète ou presque complète, mais qui plus tard devient 
stable ; cependant cette stabilité n’atteint guère le même degré que dans 
~^ la forme précédente, elle est sujette à des variations fréquentes qui 
résultent des contractions involontaires des muscles des membres 
'. inférieurs; ces contractions sont habituellement lentes ; elles donnent 
\ lien à des mouvements alternatifs de flexion et d'extension avec prédomi- 
-“nance d'action des fléchisseurs, (b) motricité volontaire profondément 
troublée: il peut y avoir paralysie complète, (c) réflexes tendineu: 
. parfois exagérés, mais pouvant être normaux, affaiblis ou méme abolıs 
^: (d) réflexes de défense toujours trés forts : (e) dans la grande majorité 
des cas, signe des orteils. Ajoutons que la rigidité en flexion, quand elle 
est devenue stable, se complique presque inévitablement de rétractions 
fibro-tendineuses. 

“Je ne m’étendrai pas sur les lésions qui déterminent cette forme de 
paraplégie ; qu'il me suffise de dire qu'il s'agit généralement, soit 
d'altérations scléreuses diffuses de la moelle, soit d'une compression 

"*spinale par une tumeur intra-rachidienne, ou par une pachyméningite ; 
“en outre, dans les cas de ce genre, quand;ils sont très caractérisés, la 
dégénération secondaire des faisceaux pyramidaux fail défaut ou bien est 
très légère, c'est du moius ce qui semble ressortir des observations 

,  &natomo-cliniques recueillies jusqu'à ce jour. 
“Je reviens à la clinique. La rigidité musculaire de cette forme de 


He 
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paraplégie constitue bien une contracture ; elle est, en effet, patho- 
logique, due à un mode de l’activité musculaire, et elle est stable, au 
moins à une période de son évolution. Mais, comme nous venons de le 
voir, cette stabilité est moindre que celle de la contracture de la para- 
plégie spastique d’Erb; elle est entrecoupée en partie de contractions 
involontaires lentes constituant de véritables mouvements spasmodiques, 
et, à la phase de début, les troubles méritent moins d’être rangés dans.la 
catégorie des contractures que dans celle des spasmes. Il en résulte que 
l'épithéte de ‘‘spasmodique” conviendrait bien plus à cette variété de 
paraplégie qu'au syndrome dénommé “tabes dorsal spasmodique." 

“La contracture dont nous nous occupons a pour substratum ana- 
tonique, comme nous venons de le voir, des lésions du système nerveux 
central; ces lésions intéressent la voie pyramidale dont la perturbation 
se manifeste pendant la vie par le signe des orteils et par l'exapération 
des réflexes de défense. 

* Me voici maintenant en mesure de répondre à la question que j’aı 
posée après avoir montré que la contracture vulgaire, liée à une altération 
de la voie pyramidale, a des relations étroites avec la surréflectivité 
tendineuse. Je peux affirmer qu'il existe aussi une contracture— 
différente, il est vrai, de la précédente par sa forme—déterminée par 
des lésions nerveuses centrales atteignant les faisceaux pyramidaux, et 
pourtant absolument indépendante de Ja surréflectivité tendineuse. En 
effet, chez les nialades qui la présentent, les réflexes tendineux ne sont 
pas toujours exagérés, tant s’en faut; ils sont souvent, soit normaux, 
soit affaiblis, soit méme abolis. Lies réflexes de défense, au contraire, 
sont non seulement toujours presents, mais ils atteignent une très 
grande intensité. 

‘““ Mes observations ont été confirmées sur tous les points par plu- 

ieurs neurologistes. . 

, “Cette forme de contracture, surtout commune aux membres infé- 
rieurs, peut atteindre en méme temps les membres supérieurs, où elle 
offre les mêmes caractères: rigidité avec mouvements spasmodiques, 
affaiblissement ou abolition possible des réflexes osso-tendineux, réflexes 
de défense très forts. 

‘ Qu'on la considère aux membres inférieurs ou aux membres su- 
périeurs, ce qui frappe surtout, ce sont ses liens intimes avec les réflexes 
cutanés de défense dont elle paraît dépendre, comme la forme habituelle 
de la contracture dépend de la surréflectivité tendineuse. Pour mettre 
ces traits en évidence et pour donner à chacune de ces formes de con- 
tracture—qui peuveut d’ailleurs s'associer —une dénomination qui la 
distingue, j'ai proposé d'appliquer à l'une le qualificatif de tendino-réflexc 
et celui de cutanéo-réfleze à l’autre.” 


wf 


174 ORIGINAL ARTICLES AND CLINICAL CASES 


A côté des formes types, il y a des formes qu'on pourrait appeler 
intermediaires où l'on trouve les principaux caractères de la contracture 
cutanéo-réflexe (motricité volontaire très tronblée, réflexes de défense 
très forts) bien que les membres inférieurs gardent d'habitude une 
attitude en extension. Précédemment, j'en ai montré un bel exemple 
en vous relatant l'Observation d'une paraplégie due à une compression 
par tumeur et guérie à la suite de l'intervention chirurgicale. Cette 
dernière forme comporte un pronostic moins sévère que la paraplégie 
spasmodique en flexion, laquelle correspond à un stade plus avancé de 
l'affection. 


En France, ma manière de voir a été généralement acceptée et 
dans un article récent M. Foix [16] écrit ceci : 

“ Contracture d’automatisme médullaire.—C'est à mon zie Brissaud, 
dont la mort prématurée fut un deuil pour la neurologie frangaise, que 
revient l'honneur d'avoir étudié en premier les contractures en flexion ; 


, mais c'est M. Babinski qui le premier en a établi toute l'importance en 
. montrant qu'elles avaient une séméiologie, une signification pathologique 


complètement différentes des contractures en extension. 

‘ C'est en effet au sujet des paraplégies en flexion que M. Babinski a 
établi une distinction entre les contractures tendino et cutanéo-réflexes 
qui marque une date dans l’histoire des contractures. 

“ Nous ne chicanerons pas ici M. Babinski sur le mot plas ou moins 
heureusement choisi de cutanéo-réflexe. Il est évident que cette con- 
tracture n’a rien de cutané, puisque les réflexes qui la caractérisent 
peuvent être aussi bien provoqués par l'excitation de la sensibilité pro 
fonde que par celle de la sensibilité superficielle. Il n'en est pas moin 
vrai que la contracture en extension est avant tout caractérisée p 
l'exageration des réflexes tendineux et la faible intensité des réflex 
d’automatisme appelés encore de défense. Tandis que la contracture en 
flexion est caractérisée non seulement par l'exagération considérable des 
réflexes d’automatisme, mais encore par la diminution ou l'abolition des 
réflexes tendineux. 

““ A cette différence de séméiologie répondent des différences profondes 
d'étiologie, de pronostic, de signification physiologique. 

“Voici une malade qui présente précisément cette contracture en 
flexion. Considérons-la un instant. Nous voyoris d'abord quelle est son 

^attitude. Ses jambes sont ramassées vers elle. Examinons-la de plus 
prés. C’est une attitude de raccourcissement. Et ce raccourcissement 
comporte le triple retrait segmentaire que nous avons déjà deux fois 
rencontré: flexion du pied sur la jambe, de la jambe sur la cuisse, de la 
cuisse sur le bassin. 
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“ Poursuivons plus loin notre étude. Les réflexes rotuliens sont 
faibles, il n’y a pas de clonus du pied. Par contre, ces réflexes d’auto- 
matisme sont très faciles à provoquer: voici le phénomène des raccour- 
cisseurs, une ébauche de réflexe d’allongement, un réflexe partiel 
d'allongement croisé. C'est bien la dissociation décrite par M. Babinski. 

‘Comment peut-on interpréter cette séméiologie d’abord, cette atti- 
tude ensuite ? 

“En ce qui concerne les réflexes d'automatisme, leur intensité 1m- 
plique une libération de la moelle inférieure. C'est là un fait qui n'est 
pas sans importance, car il indique en général des lésions plus profondes 
que celles qui s'accompagnent de contractures en extension. On voii 
assez souvent la contracture en flexion se substituer à la contracture en 
extension. Pendant quelque temps alors, il y a lutte entre les deux 
tendances et les deux réflectivités. Toujours la victoire de la flexion 
implique une aggravation de l'état du malade. 

“Y a-t-il seulement libération de la moelle? N'y a-t-il pas en outre 
irritation, exaltation de automatisme médullaire ? C'est une chose que, 
pour ma part, je crois, mais il est difficile d'en donner la preuve." 


“Quant à la contracture en flexion elle-méme, son aspect indique 
quelle en est la pathogénie. Elle n’est autre chose, en effet, qu'un 
phénomène des raccourcisseurs fixé." 

Sauf sa remarque snr le terme cutanéo-réflexe, M. Foix est à peu 
près d'accord avec moi. Je ne trouve pas, soit dit en passant, que son 
objection soit juste: peu importe que les réactions motrices puissent être 
obtenues aussi par Vexcitation des parties profondes; il suftit que 
l'excitation de la peau seule puisse y donner naissance pour qu'on ait le 
droit de dire qu'elles sont cutanées. Mais c’est là un point tout à 
fait secondaire. Pour le fond de la question, M. Foix confirme mes 
observations. 


Au contraite, les neurologistes anglais, en particulier MM. Walshe et 
Riddoch, expriment des critiques qui sont peut-être, au moins en partie, la 
conséquence de malentendus. Sı je saisis bien ce qu'il ya de principal 
dans les idées de M. Walshe sur les réflexes d'extension et de flexion, 
voici en quoi elles consistent : 

Les extenseurs et les fléchisseurs forment deux groupes soumis 
chacun à une forme spécifique d'activité réflexe; elle est tonique dans 
l'un, clonique, phasique, dans l'autre. Le centre de cette activité a pour 
siège unique les noyaux spinaux, en ce qui concerne les fléchisseurs : 
l'activité des extenseurs nécessite, pour se maintenir, la mise en jeu d'un 
autre appareil réflexe dont le centre occupe le mésocéphale, les noyaux 
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‘+ paracéróbelleux probablement (centre des réflexes de posture).—Une 
lésion cantonnée dans le faisceau pyramidal exalte à la fois l'activité 
` réflexe des extenseurs et celle des fléchisseurs et donne lieu à une para- 
plégie en extension. Une lésion siégeant au-dessus du mésocéphale ne 
г produirait jamais une paraplégie en flexion.—Au contraire, une lésion 
de la voie pyramidale associée à une lésion occupant une des parties de 
l'arc réflexe, ayant pour centre les noyaux paracérébelleux, détermine une 
' paraplégie spasmodique en flexion; en effet, l'activité réflexe des fléchis- 
_ seurs n'est pas affectée par l'interruption de cette voie puisque cette 
_ activité est d’origine uniquement spinale; elle est même augmentée, 
n'étant plus freinée pax une force antagoniste. De pareilles altérations 
donneraient lieu à une exagération des réflexes s'opérant toujours en 
+, «flexion; l'extension, quand elle s'observe, n'étant qu'un effet du reläche- 
. ment des fléchisseurs, ou étant un allongement croisé, toujours secondaire, 
= jymais primitive.—Les réflexes de défense sont d’autant plus forts (période 
` de shock mise à part) que la séparation entre les centres spinaux et les 
‚ * centres mésocéphaliques est plus grande, que la libération de la moelle 
‚est plus compléte.—Mais, pour qu'il se développe de la contracture, il 
faut que les muscles aient un certain degré de tonicité que n'atteignent 
pas, méme aprés la période de shock, les muscles dans les cas de 
* paraplégie consécutive à une section totale de la moelle; la contracture 
implique la persistance de quelques connexions entre l’enc&phale et la 
ı moelle. - 
' A certains points de vue, cette conception pathogénique cadre avec la 
description clinique que j'ai faite antérieurement de la paraplégie en 
, extension et de la paraplégie en flexion. 
Mettons en regard les caractéres symptomatiques tracés par moi de 
ces deux types de paraplégie et les données physio-pathologiques énoncées 
-| par les auteurs anglais. 
| PARAPLÉGIE SPASMODIQUE EN EXTENSION. 


^* (a) Stabilité de la contracture. L'activité réflexe des extenseurs 
| est à forme tonique 
, ` (b Réflexes de défense légère- L'activité réflexe des fléchisseurs 
“ment exagérés ou à peu près nor- a pour antagoniste celle des exten- 
' maux seurs. 
х PARAPLEGIE EN FLEXION. 
E X (a) Instabilité relative de la con- L'activité réflexe des fléchisseurs 


‘tracture avec variations fréquentes est à forme clonique phasique. 
liées à des mouvements alternatifs 
, de flexion et d'extension et avec 
« prédomingnce d'action des fléchis- 
|, Beurs. 
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(b) Exagération notable des ré- 
flexes de défense. 


(c) Motricité ‘volontaire pro- 
fondément troublée. 


(d) Lies dégénérations secon- 
daires peuvent être très faibles ou 


L'activité réflexe des fléchisseurs 
n’est plus freinée par une force 
antagoniste. 

Les réflexes de défense sont 
d’autant plus forts que la libéra- 
tion de la moelle est plus complète. 
` Pour que la paraplégie en flexion 
avec contracture se développe, les 


connexions entre la moelle еі 
l'encéphale ne doivent pas être 
complètement rompues. 


nulles. 


Mais il est certain qu'il y a aussi des divergences pouvant résulter de 
ce que le sens des termes employés n'a pas été suffisamment précisé. 
Il me semble que MM. Walshe et Riddoch, tout en reconnaissant 
l'intérêt qu'il y a à distinguer la paraplégie en extension de celle en 
flexion et en rappelant mes travaux sur cette derniére, n'ont pas bien saisi 
mes idées et qu'il y a là une confusion. Pour eux, la paraplégie spas- 
modique en flexion est réalisée quand à une paraplégie, serait-elle flasque, 
s'associent des réflexes de défense amenant la triple flexion, et c'est dans 
les cas de section compléte de la moelle qu'on en observerait les exemples 
les plus typiques. Or, dans ma description de la paraplógie en flexion, 
j'ai fait intervenir l'élément raideur (contracture cutanéo-réflexe) ; cette 
rigidité, il est vrai, peut céder par moments au début; mais plus tard 
elle devient relativement stable. C’est ce type que j’ai toujours eu en 
vue, celui d’ailleurs que d'autres neurologistes ont observé aprés moi et 

won rencontre encore assez souvent dans la pratique habituelle, les cas 
e section totale étant tout à fait exceptionnels. 

J'estime être en droit de maintenir mon opinion suivant laquelle 
re type de paraplégie en flexion, avec contracture, réflexes de défense 
xtrémement exagérés, exagéres au maximum, est d’habitude liée & des 
compressions, des lésions scléreuses diffuses sans dégénération secondaire 
ou avec dégénérations secondaires minimes, ce qui ne veut pas dire que 
cet état soit incompatible avec des dégénérations secondaires marquées. 
A cet égard, les observations nouvelles, de guerre, si intéressantes 
qu'elles soient, n’infirment aucunement les observations anciennes. 


Contre l'opinion de M. Walshe et de ceux suivant lesquels une lésion à 
siégeant au-dessus du mésocéphale ne produirait jamais une paraplégie 
en flexion, on peut faire valoir l'Observation rapportée par MM. Pierre 
Marie et Foix [21] et intitulée: *''Paraplégie en flexion d'origine 
cérébrale par nécrose sous-épidymaire progressive.” 
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“Notre cas, disent les auteurs, est, croyons-nous, le premier cas 
anatomo-clinique de paraplégie en flexion d'origine cérébrale ; en tout cas, 
le premier dans lequel on ait observé la dissociation signalée dans 

ertains cas par M. Babinski entre les réflexes d'automatisme dits de 
défense et les réflexes tendineux. 

‘“ Ceci est une notion importante au point de vue physiologique, car 
il n'existait pas chez notre malade de lésions mésocéphaliques, mais 
simplement une double lésion cérébrale. Lia suppression de l'influence 
des centres mésocéphaliques n'est donc pas indispensable pour que 
se produise l’automatisme médullaire et la paraplégie en flexion. II 
n’est pas nécessaire non plus qu'il y ait lésion irritative comme dans le 
eas déjà signalé de M. Babinski (paraplégie en flexion par compression 
mésocéphalique) ; une simple lésion destructive suffit, en supprimant 
l'influence cérébrale.” 

A ce sujet, je rappellerai que dans mon travail de 1911 sur Ja Para- 
plégie spasmodique avec contracture en flexion, j'écrivais ceci, p. 185: 
“Des lésions bilatérales de lencéphale semblent pouvoir donner 
naissance à un syndrome analogue” [3]. 

Il faut s'attendre à la publication de nouvelles observations et à de 
nouvelles discussions. Lie dernier mot sur cette question ne parait pas 
avoir été dit. 

* + + + 


Dans une communication intitulée: “De la surréflectivité hyper- 
algésique ” [8], nous avons relaté, Jarkowski ef moi, trois Observations 
de Syndrome de Brown-Séquard, dans lesquelles nous avons été frappés 
par la présence d'un même phénomène dont voici les traits essentiels 
une excitation telle que le pincement de la peau du côté de la lésion, où 
il y a de l'hyperalgésie, sans être suivie d'aucune manifestation de c 
côté, donne lieu du côté opposé à une réaction motrice brusque, e 
même temps qu'elle détermine des grimaces et une inspiration bruyant 
(phénomènes analogues aux ‘“pseudaffective reflexes” observés par 

Sherrington chez les animaux décérébrés). 
| Dans un travail ultérieur, “ Automatisme et hyperalgésie dans l'hémi- 
-plégie cörebrale” [9], nous avons relaté les faits suivants: chez certains 
bémiplégiques présentant de l'hyperalgésie, l'excitation des téguments 
du membre .inférieur est suivie d’une réaction motrice du membre 
- supérieur du côté sain, différente suivant qu'on excite le côté sam ou 
le côté malade. Dans le premier cas, la main-se porte sur le point excité 
comme pour le protéger. Dans le deuxième, le membre supérieur se 
soulève, la main se porte sur la tête et vient s'appliquer soit à sa partie 
antérieure, soit à sa partie postérieure. Dans certains cas, nous avons 
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été frappés par la constance avec laquellé ces réactions se produisaient. 
On pouvait à volonté, en pinçant alternativement les deux côtés, faire 
exécuter à la main saine des mouvements en sens inverse : la main était- 
elle appliquée sur la tête à la suite du pincement du côté malade, on 
obtenait son déplacement vers le membre inférieur du côté sain en 
pinçant la jambe saine; et si alors on pinçait la jambe du côté malade, 
le bras s'élevait de nouveau et la main se portait sur la tête. 

Ces réactions motrices diffèrent cliniquement de celles que nous 
avons étudiée dans notre Conférence. Nous les rapprochons des réflexes 
de défense, mais nous les en distinguons. Les unes et les autres peuvent 
d'ailleurs être associées. 

Nous pensons que les réactions observées chez les malades qui font 
l'objet de notre travail sur la réflectivité hyperalgésique sont des réflexes 
ayant leur centre dans l’encéphale. 

Quant aux mouvements de la main vers la tête constatés chez les 
hémiplégiques dans notre Note sur l’automatisme et l’hyperalgésie, nous 
sommes portés à croire qu'il s'agit là d'un acte automatique déclenché 
par la sensation spéciale qui résulte de l'hyperalgésie, sensation nouvelle, 
non encore éprouvée, insolite et occasionnant ainsi une surprise, un étal 
d'anxiété que traduit la physionomie du malade, bien que sa conscience 
puisse être considérablement amoindrie. 

Nous avons cru devoir signaler ces phénomènes dont on trouvera la 
description détaillée dans nos publications. Mais nous n’y insisterons 
pas davantage, faute de temps et parceque, en le faisant, nous sortirions 

| des limites de notre programme. ` 


+ + ` + 


Je me suis proposé de traiter dans cette Conférence la question des 

éflexes de défense surtout en clinicien, en neurologiste. Je ne crois 

5. cependant pouvoir la terminer sans vous dire quelques mots du 
mécanisme de ces réflexes, dont il a été déjà question, du reste. 

Vous avez vu que MM. Marie et Foix ont insisté sur la présence des 
réflexes d’extension croisée observés par eux chez certains sujets atteints 
de lésions de la voie pyramidale. Lies rapprochant du “crossed extension 
reflex” de Philipson, ils arrivent à cette conclusion que les mouvements 
réflexes dits de défense sout des mouvements du même ordre que les 
mouvements du stepping reflex et constituent des manifestations de 
Pautomatisme spinal de-la marche. Les neurologistes anglais contestent 
Vexactitude de cette conception ; ils soutiennent que chez l’homme, dans 
les sections totales de la moelle, les excitations nociceptives d’un côté, 
quand elles’ provoquent l'activité des extenseurs du côté opposé, ne 
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''donnent lieu qu'à des contractions légères sans déplacement des divers 
segments du membre, et que les mouvements alternatifs rythmés qu'on 
` observe chez le chien spinal font ici défaut. у 
M. Foix, dans une publication récente à laquelle j'a: déjà fait des 
emprunts, semble faire quelques concessions tout en maintenant 
en grande partie son opinion première. “ П est possible, dit-ıl, que 
Vautomatisme de défense entre pour une part dans la pathogénie de 
ces réflexes, mais, pour la majeure part, ils se rattachent à l'une des 
. fonctions essentielles de la moelle, c'est à dure à Pautomatisme de la 
' marche " 

J'ai cherché précédemment à faire ressortir la distinction capitale 

qu'établissent les auteurs anglais entre le groupe des fléchisseurs et celui 
> "des extenseurs soumis chacun à une forme spécifique d'activité réflexe : 
,les réflexes d'extension serment des réflexes de posture; les réflexes de 

flexion seraient des reflexes cloniques, phasiques. C'est dans le groupe 
, de ces derniers réflexes que rentrent pour la plus grande part ce qu'on 
` appelle les réflexes de défense. 

La conception fondamentale des neurologistes anglais, issue des idées 

, de Jackson, de Sherrington, est que ces réflexes de flexion tels qu'on les 
observe à l'état pathologique traduisent la libération de la moelle par 
rapport aux centres supérieurs. ' 

Les faits observés cadrent fort bien pour la plupart avec cette con- 
ception. Toutefois, sans en contester la justesse, on peut se demander 

- 51, dans la genèse des phénomènes en question, l'élément “irritation ` 
ne peut pas jouer aussi un certain réle 

C'est une idée que M Foix tend à admettre. comme on l'a v 
précédemment. 

Ce fait que les réflexes de défense m'avaient paru dès mes premiére 
observations particulièrement intenses dans les cas de compiession de : 
moelle et de sclérose spinale sans dégénération secondaire m'avait dé 
conduit autrefois à cette même idée. 

A l'appui de cette manière de voir on peut invoque: encore d'autres 
faits sur lesquels nous avons déjà insisté. On peut observer parfois — 
nous le rappelons—des sujets atteints de lésions spinales qui, après avoir 
présenté une paraplégie plus où moins marquée, paraissent complètement 
rétablis. la motricité est redevenue normale,-la sensibilité est intacte, 1] 
n’y a pas de perturbation des sphincters, et cependant ıl y a persistance 

- très nette du signe des orteils et de la flexion réflexe du pied. Sauf ces 
derniers phénomènes, le fonctionnement du système nerveux semble 
absolument normal. Est-ıl permis de soutenir en pareil cas qu'il y u 
libération de la moelle” Ce ne serait alors qu'une libération relative 


; aux reflexes de défense. L'état pathologique de ces réflexes ne se 
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comprendrait-il pas mieux dans des cas de ce genre si l'on admettait 
qu'il est sous la dépendance de l’irritation des centres nerveux produite 
par le reliquat de la lésion ? 


Considérant maintenant la question d'un autre point de vue. je 
soumettrai quelques idées à vos réflexions. 

Au début de cette Conférence, j'ai tracé un parallèle entre les reac- 
tions motrices consécutives aux excitations périphériques suivant qu'elles 
‚sont pathologiques ou physiologiques. Il résulte de ce que j'ai dit que 
les premières peuvent être considérées comme l'exagération des secondes, 
ou plutôt les secondes comme la réduction des premières: de part et 
d'autre, en effet, on observe le phénomène de la triple flexion avec con- 
traction du tenseur du fascia lata; mais ce qu'il y a de spécial aux 
réactions physiologiques c'est qu'on ne les obtient que par l'excitation de 
la zone plantaire et que les mouvements sont plus rapides et moins 
amples. À l'état pathologique, la triple flexion (seul mode de réaction 
que j'envisage ici) semble bien pouvoir être interprétée comme un retour 
à un état ancestral: la partie excitée fuit l'objet vulnérant (retrait du 
membre, raccourcissement) et une excitation peut déterminer, loin du 
point où elle a eu lieu, un mouvement de fuite; c’est ainsi que la triple 
flexion peut étre provoquée par excitation de l'abdomen ou du thorax. 
A l'état physiologique, ces réactions ancestrales se sont maintenues, 
mais ont subi des modifications importantes. Comment le comprendre? 
On pourrait dire que lorsque les centres supérieurs ont asservi les 
centres inférieurs, ceux qui correspondaient aux centres spinaux, ils 
ont inhibé les ‘réactions susceptibles d'être nuisibles à l'individu et 

nt laissé subsister, en les adaptant à ses besoins, celles qui sont 
apables de lui servir. Or, il est evident que la triple flexion consécutive 
une excitation de la jambe, de la cuisse ou de l'abdomen ne pourrait 
voir que des ineonvénients; cette réaction a donc été supprimée. Que 
jus l'influence d'une initation nocive de la plante du pied continuelle- 
ment en contact avec le sol, la triple flexion s'opère, méme indépendam- 
ment de la volonté, cela ne peut étre qu'utile ; cette réaction a donc été 
conservée. Mais il y a intérét aussi, au point de vue de la marche, à ce 
que la réaction ne soit pas de longue durée; aussi la décontraction 
est-elle rapide au lieu d'étre lente. On saisit ainsi les raisons pour 
lesquelles, à l'état physiologique, les réactions motrices qui me paraissent 
ressortir aux réflexes de défense, s'effectuent avec rapidité et ne se pro- 
duisent que lorsque les excitations portent sur la région plantaire. 

Il me semble intéressant de rappeler à ce propos que dans les sections 

totales de la moelle, aprés la période .de shock, lorsque les réflexes 
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cutanés reparaissent, la région plantaire est seule réflexogéne pendant un 
certain temps. 

Comparons maintenant le réflexe des orteils aux réflexes précédents. 
Si à l'état pathologique la réaction habituelle des orteils, l'extension, 
. peut être rapprochée, en ce qui concerne son mécanisme, de la -triple 
flexion, à l'état physiologique le mouvement des orteils, la flexion, semble 
avoir une autre signification que la triple flexion du pied, de la jambe et 
de la cuisse. M. Riddoch fait observer que lu flexion réflexe des orteils 
fait partie du stepping-reflex, et qu'elle accompagne l'extension de la 
cuisse, de la jambe et du pied. Mais il est à remarquer qu'à l'état physio. 
logique chez l’homme, l'excitation de la plante du pied, qui provoque la 
flexion des orteils, détermine du même côté la triple flexion du membre 
inférieur et il en résulte une quadruple flexion. Cette flexion des orteils 
ne serait-elle pas aussi le témoin d’une réaction ancestrale, ayant apparu 
toutefois à une période du développement plus avancée que les réflexes 
de défense dont il a été précédemment question, période où les orteils 
servalent de griffe? Cette réaction avait aussi en partie la protection 
pour bui, mais c'était un mode de protection différent de celui qui est 
réalisé par les réflexes de défense primitifs ; ıl ne s'agit plus d'une fuite 
localisée, d'une retraite en face d'une offensive; ce mouvement de griffe 
vis à vis d'une aggression constitue une contre-offensive, mode de pro- 
tection d'un ordre plus élevé ; on congoit du reste fort bien qu'un animal 
cherchant à se défendre combine l'attaque avec la fuite. On saisirait 
ainsi la quadruple flexion à l'état physiologique: la flexion de la cuisse 
de la jambe et du pied ressortissant aux réflexes de défense primitifs, 1 
flexion des orteils étant l'expression atavique d'un réflexe de préhension 

Cette conception permettrait de comprendre pourquoi l'extension d 
orteils n’est pas toujours associée à la triple flexion ; suivant que dans 
domaine des orteils, le réflexe de fuite l'emportera, ce qui est la régle 
l’état pathologique, sur ce que nous appelons le réflexe de préhension, 
bien sera dominé par lui, on obtiendra l'extension ou la flexion des ortei 

Je rappellerai à ce propos que M. van Woerkom, dans le travail cit 
plus haut, fait ressortir que ‘Је gros orteil est construit dans certains 
_ stades de la vie intra-utérine pour remplir une fonction de préhension." 
Cet état qui chez les autres primates est perpótuel, est passager chez 
l'homme. 

Est-il nécessaire d'ajouter qu'il s'agit là pour une grande part 
d'hypothéses ! ` 


+ * * * 


Dés le début de mes recherches sur le phénoméne des orteils, j'avais 
eu l’occasion de le constater chez des nourrissons, et il m'avait semblé 


REFLEXES DE DEFENSE 183 


qu'il persistait approximativement jusqu'à la période où l'enfant com- 
mence à marcher, ce qui s'explique quand on se rappelle quel est l'état 
du système pyramidal à cette époque de la vie: on peut dire que l'enfant 
est atteint d'une paraplégie—curable—comme on peut dire aussi que 
chez lui la moelle n'est pas encore sous la domination de l'encóphale. 

D'après ёт [20], à la naissance l'extension des orteils est la règle ; 
la flexion l'exception. L'extension disparaît en général, chez l'enfant 
normal, vers 5 ou 6 mois, mais 11 y a des variétés individuelles : il peut 
y avoir une période de transition assez prolongée, marquée par des alter- 
natives de flexion et d'extension et souvent par l'extension unilatérale. 

Des recherches nouvelles de Bersot [12], de Lantuejoul (communi- 
cation orale) ont montré qu'il y avait lieu de rectifier un peu les données 
précédentes : à la naissance, puis pendant un laps de temps d'une durée 
assez courte, les orteils réagissent en flexion et ce n'est qu'ultérieurement 
que l'extension apparait. Cela surprend d'abord, mais n'est pas contra- 
dictoire si l'on admet que la flexion des orteils, réaction physiologique 
il est vrai, est le reliquat d'une réaction ancestrale et si l'on se rappelle 
que chez l'adulte on peut observer un réflexe en flexion chez des sujets 
atteints de lésions avérées de la voie pyramidale. 

En ce qui concerne la flexion réflexe du pied, on la constate aussi 
chez l'enfant, ainsi que l'a établi une de mes élèves, Mlle Rosenblum, 
qui & fait de cette question l'objet de sa Thése inaugurale; mais l'exten- 
sion du gros orter subsiste d'habitude pus longtemps que la triple 
flexion. 

Je vous signale avant de terminer un travail de M. Minkowski ayant 
pour titre: “Sur les mouvements, les réflexes et les réactions muscu- 
laires du foetus humain de 2 à 5 mois, et leurs relations avec le système 
nerveux fetal ” [25]. 

\ J'extrais de cet article (p. 1113) le passage suivant: “On peut dire 
en général que chaque partie des téguments peut servir de zone réflexo- 
gène à des réactions motrices très variables, proches et lointaines, ayant 
la tendance à se généraliser plus ou moins à tout l'organisme footal.” 

Cette donnée est à rapprocher de ce que nous avons dit précédemment 
sur la possibilité de provoquer parfois, à l'état pathologique, des réflexes 
des orteils et du pied en excitant les téguments de l'abdomen et du thorax. 


Messieurs, comme vous venez de le voir, l'étude des réflexes de défense 
soulève des problèmes de phylogénie et d’ontogénie, et à cet égard elle 
est déjà fort intéressante; mais elle l'est surtout pour le neurologiste. 
Ces réflexes constituent un chapitre important de la pathologie du 
systéme nerveux. 


E 


184 ORIGINAL ARTICLES AND CLINICAL OASES 


BIBLIOGRAPHY. 


[1] Basınskı. Semaine méd., 1898, 18, 821. 
[2] Idem. Bull. Soc. méd. des Hóp., 1899, 16, 342. 
[8] Idem. Rev. neurol., 1911, 21, 182. 
[4] Idem. Tisd., 1919, 24, 77. 
[5] Idem. Bull. med , 1912, 26. 
[6] Idem. Rev. neurol, 1914-15, 28, 145. 
17] BABINSKI et JARKOWSKI. Rev. neurol., 1910, 19, 666. 
[8] Idem, idem. | Ibid., 1991, 28, 488. 
[9] Idem, idem. Ibid, 1922, 38, 300 
[10] BABINSKI, Leorns et JARKOWSKI. Rev. new ol , 1914, 27, 801. 
[11] Beouterew. Neurolog. Centralbl., 1906, 25, 290. 
[12] Beasor. Arch. Suisse de Neurol. et de Psychiat., 1921, 8, 47. 
[18] Oraupm. L’ Encéphale, 1910, Б (1), 287. 
[14] Daverine et LEvi-VanENSL Rev. neurol., 1911, 22, 141. 
[15] Desesine eb Lone. Rev. neurol., 1919, 24, 769, 
[16] Foxx. ‘‘ Questions de Neurologie d'Aotualité," Paris, 1922, 389. 
[17) Heap and Влрроон. Brae, 1917, 40, 188. 
[18] Jarkowszı. Rev. neurol, 1916, 23, 34. 
[19] Leseurtre. ‘Sur la Section totale de la Moelle,” Paris, 1919. 
[20] Іёві. Rev. neurol., 1908, 11, 689. 
[21] Maxim et Foix. Rev. neurol., 1910, 20, 121. 
[22] Idem, ıdem. Ibid., 1912, 23, 657. 
[23] Idem, idem. Ibid., 1915, 22, 225. 
[24] Idem, idem. Ibid., 1920, 27,41. 
[26] Mimxowskrt Rev. neurol., 1921, 28, 1105. 
[20] Nicaup. “ Le Paraplégie en Flexion," Thèse de Parıs, 1914. 
[27] Pasrıne. Rev. neurol., 1918, 96, 408. 
[28] RippocH. Bram, 1917, 40, 264. 
[29] Idem. Med. Science, 1921, 5, 44. 
[30] Rrppoo# and BuzzaBo. Brain, 1921, 44, 397, 
[81] Scmagrer. Neurol. Centralbl., 1899, 18, 1016. 
[82] VAN GEHUOHTEN. Internat. Congr. de Méd., Neurol. Section, Paris, 1900. 
[88] Van WOoERKoN. Rev. neurol., 1912, 24, 285. 
[84] WALsHE. Brain, 1914, 37, 269. 
[85] Idem. Ibid., 1919, 42, 1. 


A STUDY OF THE SHERRINGTON DECEREBRATE ANIMAL 
IN THE CHRONIC AS WELL AS THE ACUTE CONDITION. 


BY Н. 0. BAZETT, M.D.OXON., F.R.0.S.ENG 


Professor of Physiology, University of Pennsylvanıa, 


Bett Memorial Research Fellow, Associate in Surgery, Columbia Unwersity, N.Y.1 


AND 
W. G. PENFIELD, M.D., B Sc.OXON. 


(From the Physiological Laboratory, Oxford, and the National Hospital, Queen Square, 


INTRODUCTION 


London.) 


Онлртив I.— HISTORICAL NOTE on DECEREBRATION į 


CHAPTER 11,—TEOHNIQUE 


(a) 
(0) 


Operative 
Post-operative 


CHAPTER 111. —DESCRIPTION oF CHRONIC DECEREBBRATE PREPARATIONS 


(a) 
(b) 
(c) 
(d) 
(e) 


(f) 
(9) 
(№) 
(3) 
7) 


Detailed description of two animals kept in baths 

General description of posture . 

Magnus position-reflexes 

Opisthotonos 

Observations on temperature control and respiration with descrip- 
tion of an incubator experiment 

Pseudaffective reflexes, vocalization and sation 

Spontaneous movements 

Acoustic reflexes 

Nystagmus n 

Glyeosuri& 


ОнАртвВ ÍV.— UNILATERAL DECEREBBATION 


(a) 
(b) 
(c) 
(d) 
(e) 
(Р) 
(9) 


Operative technique . . 

Forced movements and attitude of head 

Side of permanent extensor rigidity 

Variations after posterior semi-decerebration 
Flexor rigidity “. .. es .. 
Eye signs А 
Temperature control.. 


PAGE 
186 
187 
188 
189 
192 


194 


232 
233 
234 


1 Та general the experimental work was done by Н. С B., aud Chapters II, IIT and VI (б) 
were written by him. The semi-dacerebrations and all the anatomical examinations were 
made by W. G. P., and Chapters IV, V and VI (a) were written by him. 


186 ORIGINAL ARTICLES AND CLINICAL CASES 


, РАСЕ 
CHAPTER V.—ANATOMICAL INVESTIGATIONS ss és 5 be .. 287 
(a) Tracts and centres of the mid-brain .. Le 3 .. 987 

(1) Development .. "s vs S e .. 287 

(2) Anatomy А ss oe Р АЕ .. 288 

(b) Results of anatomical examinations .. ste da . 289 

CHAPTER VI.—Discussion OP RESULTS .. es i s д .. 989 
(a) Decerebrate rigidity 25 $ we s .. 252 

(b) Temperature control 5% S Se de . 257 

CONCLUSIONS .. yn = n 5s г ss КА .. 989 

INTRODUCTION. 


THE researches on which this paper is based were commenced 
originally in a search for a preparation which would allow experiments 
on.the origin of surgical shock, and also on the effect of temperature on 
the resistance to infection in animals not under an anæsthetic and yet 
without there being any possibility of pain. The Sherrington prepara- 
tion seemed ideal for this purpose, since the question of any conscious 
sensation could be completely excluded, and in addition the preparation 
would remain quiet during experimentation. The main object has, 
therefore, been to develop a technique which would allow the preserva- 
tion of the decerebrate animal for many days, in spite of the removal 
not only of the cerebrum, but also of the basal ganglia and most of the 


mid-brain. This has necessitated the use of 124 animals, and in the ! 


course of the work some points of interest have arisen in connection 
with the reflexes and the histological anatomy. In many experiments 
our data are not as complete as we would have wished, but it was found 
that the process of examining the animals diminished their chance of 
survival and consequently the observations had to be curtailed, if the 
main object of the research was to be attained. 

In spite of these difficulties a certain number of important facts 
were demonstrated. One of the most noticeable was the very remark- 
able similarity between the decerebrate preparations which had been 
kept “alive ” for two or three weeks, and the acute preparations described 
by Sherrington on examination an hour or so after the operation. The 
decerebrate rigidity often continues (with only brief intermissions) for 
weeks, so that there can be no possibility of the condition being due to 
stimulation of the cut nerve fibres at the site of operation, and since in 
this time the damaged nerves are undergoing degeneration it is possible 
to exclude definitely some structures from any participation in this 
reflex. On the other hand, the chronic preparations do show certain 
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definite differences from the acute; for instance, after the first two or 


three days a small percentage of the animals will occasionally make 


definite sounds, and these sounds appear to be reflex since they occur 
usually as the result of some definite stimulus. The most common of 
these sounds was purring occurring immediately after the stomach had 
been filled with milk by a stomach tube; while mewing has only been 
observed in two animals, and in these it occurred only once or twice and 
could not be made to recur by applying stimuli which would be painful 
to a conscious animal. 

Extensive histological studies have only been possible on a few of 
the preparations, but in these the results are of interest since we believe 
that never before have preparations been maintained in a sort of Ше 
so a8 to allow degeneration to occur after such complete removal of all 
the higher nervous centres. In many other cases the nervous tissue 
was useless for detailed examination as the result of incubation for 
some hours after death and consequent rapid post-mortem changes. 


CHAPTER I —HISTORICAL NOTE ON DECEREBRATION. 


The method of removing parts of the brain in order to study func- 
tion in the central nervous system has been employed since Rolando’s 
experiments on birds in 1809. Flourens, indeed, succeeded in keeping 
pigeons alive for months after the removal of the fore-brain But 
Longet [82], in 1842, first discriminated carefully as to what brain 
structures he actually removed. He noticed that many “reactions " 
remained if he removed all of the brain down to and including the 
colliculi—‘‘ chose remarquable!”; but that after removal of the pons 
all reactions disappeared, excepting only respiration and circulation. 

Goltz kept three decerebrate dogs alive for months. The brain-stem 
of one animal most carefully studied was examined by Gordon Holmes 
[21], who found that a considerable amount of thalamus and all the 
cranial nerves were intact, although there seemed to be some softening 
of the corpora quadrigemina. There was no loss of temperature control 
and the animal shivered in a cold room. It could walk and would eat 
when brought close to food. Rothmann [51] [52] likewise produced a 
chronic preparation, a dog from whom all or most of the brain above 
the optic thalamus was removed. This animal ate and drank normally, 
walked and ran and showed a limited ability to learn. He likewise 
had normal temperature control and apparently normal muscle tone. 
Karplus and Kreidl [25] extirpated the hemispheres of monkeys and 
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kept one alive as long as twenty-six days. Mors recently, Dusser de 
Barenne [2] has kept one cat alive six months, and another animal 

~ eleven months, after removing the fore-brain. A careful examina- 
tion by Brouwer [7] of the post-mortem material showed the thalamus, 
mid-brain, and rhinencephalon to be intact in one, and most of the 
thalamus and mid-brain in the other. These preparations did not show 
decerebrate rigidity and were able to maintain a normal temperature. 
Only the animal with a portion of the fore-brain intact would eat 
‘spontaneously. 

As indicated briefly above, in all previous chronic decerebrate pre- 
parations much of the thalamus was intact as well as the mid-brain. 
The animals possessed normal temperature control and have been 
able to execute complicated co-ordinated movements. 

Decerebration at the level of the mid-brain was shown by Sherrington 
in 1896 to produce ‘‘decerebrate rigidity." This condition in acute 
preparations has been the subject of much study since that time by 

' Horsley, Thiele, Weed, Magnus, Cobb, e£ al. Their conclusions will be 
t discussed in another part of this communication. Recently, signs and. 
‘symptoms in a group of patients considered to be analogous to decere- 
brate animals have been described by Wilson [63]. Riddoch and 
Buzzard [49] have also described such symptoms in man. 

Boyce [6], in 1895, removed the brain on one side down to the 
middle of the mesencephalon and kept the animals (cats) alive as chronic 
preparations. His ‘principal interest was in the descending degenera- 
tions thus produced. Probst [46], in 1904, made sections through one; 
lateral half of the mid-brain without removing any tissue and studied’ 
the general behaviour of the animals as ehronic preparations. 

This brief sketch makes no pretence to enumeration of all of the 
valuable contributions to neurology made by this experimental method. 
In general, preparations produced by decerebration at higher levels and 
extending down as far as the medulla oblongata have been studiéd as 
acute experiments. In the case of all previous chronic experiments, the 
level of removal has been at least well above the mid-brain and most 
of the thalamus. 


CHAPTER 11.—TEOHENIQUE. 


- The animals used have been cats in all cases. The general pro- 
' cedure has been to decerebrate the animals aseptically under an 
anesthetic and then to keep them under conditions which will 
maintain by artificial means their temperature constant. In the main 


! 


+ 


TI 


THE DECEREBRATE ANIMAL IN THE CHRONIC AND ACUTE CONDITION 189 


.the technique has followed the lines described by one of us (Н. C. B.) [4. 
in a preliminary communication,’ but as it has been modified in details 
it will be advisable to give here a full description. The whole process 
is founded on Sherrington’s original (and older) method developed in 
1896 [53] [54]. 


(a) Operative 


Pure chloroform has been used as the anæsthetic since we have had 
no success with ether. The preparations have considerable difficulty 
in getting rid of mucus and this probably accounts for the difficulties 
we have had. Subcutaneous injection of 0°5 mgm. of atropine has been 
given immediately after induction of anesthesia in some animals, 
perhaps with beneficial effect. During the actual decerebration a total 
cessation of respiratory movements for a short while is not uncommon. 
and causes the loss of some animals. To overcome this intratracheal 
insufflation has been tried both with chloroform and ether. With 
chloroform insufflation’ we have had some success, but the greater irrita- 
tion to the trachea and the consequent risk of infection seem to more 
than counterbalance the diminished risk of the actual operation. 
Cessation of respiration is less liable to occur if the animal 1s deeply 
anesthetized at the time the section is made, so that with a good 
anesthetist trouble of this kind is rare, even with an ordinary inhalation 
method, and it is this that we have mostly used. 

The skin on the back of the head is shaved, cleaned and painted 
with an alcoholic solution of iodine, and in the later technique the 
animal is then turned over and the front of its neck is also shaved A 
small incision 18 made (1 to 2 cm. in length) in the muid-line at the 
level of the thyroid cartilage, and from this both carotid arteries can 
be reached; & thick ligature is passed around each of them, and is 
then tied to form a loop so that traction can be made on the vessels to 
obstruct the blood-flow as desired. These two loops are brought ont. 
through the middle line and then the wound is closed with two or three 
waxed silk sutures. Hemostat forceps hanging on these loops during 
the actual process of decerebration will prevent most of the bleeding 
and allow much more accurate work. It does not seem necessary to 
take any aseptic precautions after this neck wound has once been 
stitched up, and we have had no serious infection of these wounds. 

The animal is then again turned over and an incision made on the 


11n the protocols ‘earlier method " indicates that the operation was performed as 
described in this communication. 
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back of the head. A skin flap is turned back on one side, the temporal 
muscle is separated from the bone, the skull is trephined and the 
hole enlarged to a good size. While the actual decerebration is per- 
formed the weights on the carotid are allowed to hang free and 
constrict the vessels and the anesthetist compresses the vertebral 
arteries just below the transverse processes of the atlas. The dura is 
opened and with 4 blunt spatula the occipital lobe on the near side is 
removed so as to bring into view the corpora quadrigemina. The 
division across the brain-stem can then be made at any desired level; 
this 18 done with the same blunt spatula, carrying the cut right through 
the brain to the base of-the skull. ‚It has proved much more satisfac- 
tory to make absolutely certain of preserving the pituitary gland intact, 
as will be explained later, and this has been attained most easily by the 
careful choice of the plane of the section and by carrying a horizontal 
cut forwards with a specially bent and rather blunt scalpel, starting 
from the transverse incision and passing forwards through the base of the 
brain a millimetre or two above the level of the pituitary. The whole 
of the brain matter above these two cuts is then scooped out and the 
cavity is hghtly plugged with cotton wool. After this the vertebral 
arteries may be released and a little later the carotid blood-flow may be 
allowed to return. The whole procedure of removing the brain should 
: only take about a minute or two. 

The packing in the cavity 1s left for five or ten minutes and is then 
carefully removed. If there is any bleeding a small pad of muscle is 
put over it and packing is repeated and maintained for another five 
minutes. When the cavity is quite dry tne closing of the wound is 
commenced. It is important to obliterate the large dead space of the 
cranial cavity in order to minimize the chance of infection. This has 
been done usually by filling it with a mixture of equal parts of vaseline 
and paraffin wax (melting 55° C.), the mixture.setting at about 45° C. 
It is sterilized by heating to 140° С. for three-quarters of an hour on 
three successive days. If the hemorrhage has been difficult to stop it 
is usually safer first to spread over the base of the skull a thin layer of 
gauze soaked in saline, the end of the gauze protruding through the 
wound, the temporal muscle being split verticaily so as to make this 
easier, and then pour in the wax at a temperature of about 47° O., 
allowing it to set in the cranium. The wax does not stick to the wet 
gauze, so that when the wax is set the gauze may bé gently withdrawn, 
or if bæmorrhage is feared it may be left in place until the following 
day. Inthe latter case a corner of the gauze may either be allowed to 
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protrude through a counter-incision in the skin, or it may he just 
beneath the skin which has been closed by a suture above it, so that 
on the next day the stitch may be removed and the gauze withdrawn 
without any trouble. It is probable that it is best to leave always a 
little gauze in place while the wax is setting, since on removal it leaves 
a small cavity and so allows room for some swelling of the remaining 
parts. In the earlier experiments where the whole brain matter to the 
level of the tentorium was scraped away trouble from this factor was 
not conspicuous, but with the modification of the operation as here 
described a post-operative rise in intracranial pressure may play a more 
important rôle. 

In the few animals in which only one hemisphere has been removed 
the use of wax has proved unsatisfactory, probably owing to the much 
greater chance of swelling of the remaining parts in these animals. In 
the unilateral decerebrations in consequence the cavity has been merely 
filled with saline and itis conceivable that this mignt also be satisfactory 
even in the complete decerebrations. The other variations in the 
technique in the unilateral operation are described later (Chapter IV), 
since all these animals have been operated on by W. G. P. An attempt 
has also been made to get rid of the dead space in the animals bv 
removing the whole cranial vault and drawing together the two 
temporal muscles over the base of the skull. Unfortunately it is not 
possible to make these muscles cover the space completely, nor is it pos- 
sible to leave a smooth surface at the base of the skull without opening 
the nasal sinuses, and in our experience this had led to an infection of 
the wound with a regularity not seen in the paraffin method. For 
experiments lasting only three or four days, however, it is satisfactory. 

The main difference between the later technique and the earlier one 
previously described is the horizontal section just above the level of the 
pituitary gland, allowing the blood-supply of this gland to remain intact. 
The contrast between the two methods may be seen by reference to 

_figs. 9 and 10, which show photographs of a brain-stem operated on bx 
the later method and comparing with them fig. 22, which illustrates the 
brain-stem left by the older technique. As in the earlier experiments 
the stalk of the gland was cut across, the blood-vessels supplying the 
anterior lobe must have been divided, and the gland ıtself may easily 
have been damaged and perhaps subjected to some pressure. In spite 
of this several animals survived for periods of two or three weeks, but 
as a rule they would not live more than three or four days. In these 
death was preceded usually by convulsive movements without signs of 
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infection, or else was due to broncho-pneumonia. The convulsions 
occurring within three or four days were apparently similar to those des- 
erıbed by Cushing [12]-[13] as the result of removal of the pituitary, 
and consequently the modified operative technique was developed. 
This necessitates a more ragged incision with greater hemorrhage, so 
that temporary control of the carotid arteries had to be also adopted. 
Following this change in the technique death .on the third or fourth 
day preceded by convulsions has no longer been seen, and the animal’s 
resistance to broncho-pneumonia has also seemed greater, but on the 
other hand, many more animals have been lost during the first day 
from reactionary hemorrhage, and infection of the wound itself has 
‘also been more common. 

` The later technique has also given rise to some trouble, since the 
changed slope of the section .has often been overdone, resulting in 
‚damage to the fifth nerve. Such damage must be avoided since it 
‘leads to the development of ophthalmia and pressure sores around 
the mouth, complicating the nursing and greatly increasing the risk of 
_, broncho-pneumonia. 


(b) Post-operative. 


The wound requires no covering, especially if it be stitched with 
waxed silk to prevent infection tracking inwards aleng the sutures, 
which may otherwise occur if the animal be kept in a bath. The 
wound may be left dry or covered with mercury ointment. 

‘The main difficulty to be overcome is the maintenance of a constant 

temperature. For the most part the animals have been kept in a water 
bath, through which water was kept circulating and in which they 
were supported on a sling three-quarters immersed in the water. 
. Stirrers maintained a constant mixing of the water, and a toluol 
regulator maintained the bath with a variation cf only 0'2 to 0'4 C. 
‘ in twenty-four hours at its best. Unfortunately, it often fell below 
this standard, as owing to post-war conditions the gas pressure some- 
times fell so low as to be incapable of heating the large volume of 
water circulating through the bath. 

In & bath the preparation readily gains heat from or loses heat to 
the circulating water, so that its rectal temperature rarely differs from 
that of the bath by more than 1° C. and practically never by more than 

"15° C. The bath has been usually kept at a temperature between 
88° and 39:5? C. This method is possibly the simplest that will allow 
the maintenance of a constant body temperature in a preparation where 
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the metabolism shows rapid variations, as it must in any which happen 
to show strong running reflexes. No ill effects from the prolonged 
immersion in water have been seen, even after two or three weeks. 
except a gradual shedding of the hair. 

The disadvantages of the bath method are obvious, and it is this 
method that is mainly responsible for the paucity of our observations 
on the reflexes. Rough examination of the animal is possible as it 1s 
turned each day in the bath to avoid pressure sores, but in order to 
make any careful examination, it has to be taken out, washed in hot 
water, washed again with alcohol, roughly dried with a towel and 
finally dried in a hot incubator. Even with this technique, which 
requires four or five hours, the body temperature is apt to drop io 
85° C. or lower, and though no ill results are noticed at the time, 
pneumonia often supervenes. Consequently any such examination will 
greatly decrease the preparation’s chance of survival. 

Owing to this many attempts have been made to keep them in an 
incubator. An ordinary incubator is useless, since the heat loss varies 
with the moisture in the air. Haldane [18] has shown the impor- 
tance of the wet bulb temperature, but even an incubator controlled on 
a wet bulb basis is insufficient. The reason for this is that a very 
exact balance between heat loss and heat production has to be attained 
in these animals, and ‘once this balance is upset the discrepancy tends 
to grow, since if is probable that in these preparations the metabolism 
falls with fall of body temperature instead of showing a compensatory 
increase. An incubator method has, however, proved possible by using 
an incubator heated by live steam escaping within it, so that beating 
occurs through condensation on its walls. In this way the wet and 
dry bulb temperatures are identical, the air being completely saturated 
with moisture. Even in such an incubator the control has to be 
altered during the first few days to match the gradual loss of the 
insulating action of the fur as it becomes penetrated with moisture, or 
this variation must be overcome by destroying these heat insulating 
properties of the fur by soaking the animal immediately after operation 
in petroleum oil. Under these conditions the animal loses heat mainly 
by radiation and conduction and usually keeps a rectal temperature 
about 4? C. above that of the incubator, so that this should be kept at 
about 34? or 35? C. The proper mixing of the air is ensured by an 
electrically driven fan. Further details of incubator experiments are 
given in Chapter ПТ. 

Food is given twice a day by stomach tube, a full-size cat requiring 
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about 100 c.c. of milk at each feed. Great care must be taken to keep 
the mouth, eyes and nose clean, and the animal must be placed in a 
position which would be comfortable if it were conscious. 

The chief causes of failure are infection, usually respiratory, less 
commonly infection of the wound, post-operative hemorrhage, and in 
the earlier technique probably also pituitary insufficiency. No 
testicular atrophy nor adiposity has, however, bean observed. One 
animal (previously reported) lost 10 per cent. of its weight in a week, 
but another (cat II) after twelve days “life”: showed no change 
‚whatever in its body weight. Further experiments on the functioning 
of the pituitary in these animals are planned. 

. The prevalence of pneumonia in these preparations is of some 
interest in that it was commoner if the animals had been previously 
exposed to conditions giving them a low body temperature, even if this 
occurred a considerable time after their anæsthetization. An instance 
of this is seen in the case of cat IT, which is described later. 


CHAPTER 111.—CHRONIC DECEREBRATE PREPARATIONS. 


(a) Details of Two Preparations. 


The characters shown by these animals can be best illustrated by ' 
recording a few examples in more or less detail and then giving a more 
general description. The question of the individual peculiarities in 
relation to the exact site of the section is a difficult one and will be 
considered later. 


Animal I.— Young castrated male. Post-mortem examination, p. 289. 0°5 
mgm. atropine subcutaneously after anesthesia induced. Right carotid tied, left 
occluded temporarily. Trouble from hemorrhage which was eventually stopped 
after using a cautery and leaving in muscle and cotton-wocl plugs. Some cotton 
left in under wax. Section by the later technique with preservation of the 
vascular supply to the pituitary. Kept on a warm table for three hours it 
developed a hematoma from reactionary hemorrhage during this time. Five 
hours after operation when in bath had moderate rigidity’ and moderately brisk 
pinna reflexes. Bath temperature 39'4” C. Rectal temperature 39 8° C. 

Second day. Conditions much the same. Good corneal reflex on left side 
but none on right. ` 

Third day. Condition much the same. Respiration rate only 17. 

Fourth day. All reflexes more, sluggish. Rigidity still fair. 

Fifth day. Reflexes as before. Rigidity stronger and fore paws kept 


1 Rigidity refers to the extensor rigidity of the limbs described in decerebrate preparations 
by Sherrington unless otherwise stated. 
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extended and held rather backwards towards the tail. When turned on mattress 
slight kicking and extrusion of claws. Bath temperature 39°2°C. Rectal 
temperature 37° 8° О. 

Seventh day. All reflexes more brisk. Rigidity fairly good. Respiration 
rate 19. Sores developing in mouth. 

Ninth day. Pinna reflexes more brisk. Vigorous shaking of the head now 
present on blowing in the ear. Licking of lips and nose now present after 
feeding. Rigidity very variable, being either very good or else animal in flexed 
and fairly flaccid condition. š 

Eleventh day. Reflexes still improving. Rigidity almost absent m the 
morning but on turning the animal it became extremely marked. The limbs 
are moved somewhat if the pinna is twisted. If traction is exerted on tho front 
paws there is a movement of retraction and flexion of the limb with extrusion 
of the claws. 

Thirteenth day. Ophthalmia of the right eye now well advanced. Rupturo 
of cornea. Condition as before, but when lying on left side has a position in 
which the fore limbs are rigid and extended (left more than right) and in which 
. the left hind limb was also rigid and extended, but the right hind limb was rigid 
. ina flexed position Hind limbs now show retraction when pulled upon as woll 
as the fore limbs, but there is no extrusion of claws in the hind limbs. Tt 
animal is stimulated by twisting the ear the head is raised, being bent either 
to the left or right according to which side it 18 lying on. No acoustic reflex 
present now or at any other time. 

On fourteenth day as before. Crossed reflexes easily obtained in hind limbs 
If right limb is forcibly flexed it stays flexed and then on pinching left limb the 
left is flexed and right extended and vice versa. On cleaning the left eye the 
animal moves its head, extending it dorsally as though objecting. General 
appearance of movement is that of a pseudaffective reflex. 

Fifteenth day. Respiration rate 12 only. 

Seventeenth day. ‘Respiration rate 16. Reflexes much as before but very 
variable. 

Eighteenth day. Found dead. 


Animal 11.—Female. Post-mortem examination, р. 247. Weight, 2°46 kilos. 
Old method used and the cranial cavity scraped clean to the tentorium. Kept 
in incubator for one hour and-then put into bath. Fight hours later fed, 100 c.c 
‘of milk. Rigidity then good and pinna reflexes and corneal reflexes brisk. On 
following day these reflexes still brisk, respiration rate 20, bath temperature 
39'9° C., rectal temperature 38°1° О. 

After two days reflexes more brisk. Acoustic reflex now present; animal 
shakes its head slightly in response to loud noises. 

Fourth day. Reflexes not quite so brisk; rigidity still good. 

Fifth day. Vomited after the morning feed. | 

Sixth day. Reflexes much more brisk and rigidity very good. When lying 
on right side moves head slightly when hands are clapped; with high note of 
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"+ à whistle lifts head up from the rest, bending it to the left. Whon lying on left 


side acoustic reflex scarcely noticeable, since the head is pressed downwards 
to the left. 

Seventh day. Reflexes much more brisk, especially acoustic. If lying on 
right side now lifts head well up when anyone walks in:o the room, unless on 
tiptoe. Very biisk response to slight seratebing noises. Pushes head -down- 
wards as before in response іо sounds if lying on the other side. 

Highth day. Bath outlet choked. Animal taken out and dried during 
cleaning of the bath. During the drying, temperature fell to about 34° C. and 
remained subnormal about two hours. Weight when dry 2°4 kilos Rigidity 
fairly good but not so strong as previously, and animal does not remain well 
m a sitting position as do most preparations Acoustic reflex confined to 


* head and neck movements. On touching the animal running movements are 


: developed with strong movements of the front limbs and only slight in the hind 
limbs. Returned to the bath after eight hours 
Ninth day. Keeps eyes open, though previously they have been kept shut. 


' P On whichever side it is lying the upper fore limb is held passing forwards and 


downwards across the other, the lower fore limb passing somewhat backwards 


: «and upwards. This position is a very characteristic one and is seen in a large 
, percentage of the preparations. 


Eleventh day. When lying on left side responded io stimulations such as 
twisting of the ear, by kicking and some slight movement of the hend. 
Rigidity intermittent and less marked than before 

Twelfth day When being turned on the mattress kicks vigorously. 


- Taken out of the bath in the evening and dried preparatory to Physiological 


Society meeting at Oxford. During drying temperature fell to 36° C. and 
remained subnormal for several hours. 

. Thirteenth day. Weight when dry 2°45 kilos. Respiration rate 24 
Reflexes very brisk ns before and kicking movements when the animal is 


-, stimulated. During most of the time the animal did not have a typical 


extensor position but remained moderately rigid in a semi-flexed posture and 


. With a rigid flexion of the ankle-joints of the fore limbs. Temperature fell 


again to 36° C. during the afternoon when exhibited at the Physiological Society 
Replaced in bath in the evening. Animal had sores from friction under 


^ armpits and during replacing in the bath made inco-ordinated attempts to 


reach the sores with its head and hind limbs. . 
Fourteenth day Respiration faster. Animal kicking a lot when touched 
Fifteenth day. Respiration 66 Reflexes very poor 
Sixteenth day. Respiration 44. Reflexes slightly better. 
Seventeenth day. Respiration 32. Reflexes good, except for acoustic, 
* which has been absent since the fourteenth day. 
. Twentieth, day. Respiration 24. Acoustic reflex present again for the 
first time since pneumonia began. Fore limbs rigid. extended and without 
movements. Hind limbs have a curious slight walking movement even when 


animal is not touched. 
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Twenty-first day. Kicking movements when stimulated. Made occasion- 
ally a curious sound like an inco-ordinated mew. 

Twenty-second day. Respiration 22. Pinna and corneal reflexes very 
brisk, Acoustic reflex good. Touching the face produces twitching of facial 
muscles, and even a slight movement of air across the face produces the 
twitching of muscles and shaking of the head. If animal is stimulated by 
twisting the ear curious walking movements occur, most marked in hind limbs, 
and sometimes accompanied by a curious crying sound. 

Twenty-third day. Had caught fore-paw in thermo-regulator and had 
broken it. Animal found dead and temperature of bath 41° C. Death no 
doubt due to hyperpyrexia. 


These two examples give a fairly good general impression of the results 
usually obtained, though there can be no doubt that the first of these 
showed some symptoms of raised intracranial pressure secondary to 
hemorrhage and infection throughout its time of survival; it is 
probable that raised intracranial pressure caused absence of function of 
nervous centres close to the section, thus accounting for the sluggish 
reflexes and the relative simplicity of the reactions in the late stages 
compared with those shown by many animals. 


(6) Posture. 


The decerebrate rigidity remains as a general rule during the whole 
time the preparation survives, but after the first four or five days this 
position is less constant, and may alternate with others in which flexion, 
either flaccid or rigid, is conspicuous. At this later stage the variability 
of the positions assumed is noticeable, and it seems probable that the 
temporary disappearance of the rigidity is due to the assumption of 
other reflex positions. The maintenance of good rigidity over a long 
period, as in animal I, certainly makes it possible to exclude it being 
due to stimulation of cut nerve fibres, since these had gindergone 
degeneration in this animal, and there is, therefore, good confirmation 
of the generally accepted view of the reflex origin of this position, 

The rigidity shows variations according to the position of the animal, 
and to some extent these variations correspond with those described by 
Magnus and Kleijn and their co-workers [3], [26], [27], [28], [86], 
[37], F88], [39], [40], [61], but in the few animals that we have 
examined carefully we have been unable to get such consistent results 
as these authors have described. As in our animals the spinal cord has 
not been divided, the rigidity of the fore limbs is influenced by the 
position of the hind limbs, so that less constancy must be expected. In 
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general with the animal lying on one side all four limbs ‘are held 
rigidly extended, but both the upper fore and hind limbs are relatively 
flaccid when compared with the lower. This difference is still observed 
if the animal is suspended in the air by holding it up by its skin while 
maintaining it in a similar position, but the difference in rigidity is less 
noticeable than it is when the animal is also receiving pressure stimuli 
by resting on the table. This contrast between the upper limbs and 
those resting on the table was very constant and was noticed in a large 
percentage of the animals, but even in this respect preparations are 
found in which this difference is scarcely noticeable, or in which the 


' rigidity is asymmetrical so that the contrast cannot be observed. This 


asymmetry is especially apt to occur in the later stages when a position 
of general extension of the limbs is much less constant. 

During the first few days the position usually assumed by a 
preparation lying оп its side 15 that described already in the case of 


. animal II on the ninth day, tbe position of the hind limbs being 


variable, though most commonly the upper hind limb was also held 
rather forwards and the lower farther back. On turning the animal 
over the limbs move, so that the same posture 1s assumed in the new 
position. This again is not regular; thus, for instance, in one of the 
earliest of these experiments, an animal (decerebrated June, 1914) 
maintained this posture constantly on whichever side it was lying, 
except on the second and seventh (the last) days, when the relative 
position of the limbs was the reverse of this, the lower fore limb being 
held forwards and the upper fore limb backwards. ‘That this was 
a definite posture was demonstrated on turning the animal; then the 
limbs were moved go that this atypical posture was adopted also when 
lying on the other side. Such an atypical posture has sometimes been 
maintained by other preparations and has then been the usual position 
for that animal. 

Rigid flexed positions may be assumed in an acute preparation, but 
under these conditions it is rare, and we have never been able to 
produce them, except accidentally; in the chronic preparations they 
are & comparatively common occurrence, and indeed some degree of 
flexion is usually found in one or more of the limbs after the first five 
to ten days, and, though it may alternate with extension, yet flexion 
may sometimes be the more constantly maintained posture. The most 
common of these flexed positions is a rigid semi-flexion of the fore 


.limbs, or of one fore limb, with an acute rigid flexion of the ankle joints 


and extrusion of the claws of the fore limbs. The position is then one 
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similar to that assumed by a cat when holding a mouse in its claws or 
when climbing up a pole. An example of this will be seen in the case 
of animal УНІ, of which a detailed description will be given later. A 
few other instances may be brought forward. 


Animal IlI.— Large male After operation had rigidity of average intensity 
present in all four limbs; the rigidity was fairly symmetrical, though the 
head was held turned to the left. On the third day this rigidity became less 
noticeable and when turned the animal tended to curl up and flex the fore 
limbs. On the fourth day after turning, the previous degres of rigidity had 
returned, and was maintained on the fifth day. On the sixth day there was a 
rigid flexion of the ankle joint of the upper fore limb, on whichever side it was 
lying, with extrusion of the claws of this limb. ‘On introducing a thermometer 
into the rectum both fore limbs were flexed with acute flexion of both ankle 
joints and extrusion of the claws, while several extensor thrusts were made 
with the hind hmbs. In this animal the section passed through the anterior 
end of the right superior colliculus and through the middle of the left superior 
colliculus, to emerge ventrally 3 mm. in front of the pons at the level of the 
stalk of the pituitary, but no microscopical examination was made. This 
animal'also gave pseudaffective reflexes and will be referred to again later in 
this connection ; the decerebration was by the older method in which all the 
brain above the section was removed so that there was no possibility of any 
connection with higher centres. 


Animal IV.—Adult female. Post-mortem, see p. 250. Decerebrated by 
the later method, the rigidity was only moderate on the first day, but increased 
on the second, though still below the average, on the third day the animal 
kicked a good deal during turning, and then assumed a position of rigid flexion 
of the back and hind limbs with some flexion of fore limbs. On the fourth 
day there was an average rigidity in an extensor position, but flexion postures 
were assumed temporarily, during burning, &c., but were maintained onlv 
a few minutes, then gradually changing to an extensor posture. On the sixth 
day the animal was taken out and dried for examination in greater detail. On 
taking 15 out of the bath it went into a position of extreme extensor rigidity 
with retraction of the head. During drying with a towel it made many move- 
ments, kicking, withdrawing a limb that was being dried and shaking it, 
especially the left hind limb. It also made some progression movements 

‚In between these movements positions either of rigid flexion or of rıgıd 
extension were assumed. 

In the rigid flexed position the ankle joints of the fore limbs were acutely 
flexed and the claws extended. Unfortunately this animal vomited and choked 
during drying, so that no further examination was possible. 


A position of flaccid flexion was also not uncommon in the later 
stages. An instance of this is described below. 
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Animal V.—-Half-grown male. Post-mortem, see p. 250. Decerebrated 
by the later method. Three hours after operation showed little rigidity but 
made walking movements most of the time. For the first nine hours the 
animal was kept in an incubator but developed little rigidity ; it was then put 
into a bath and on the next day the limbs had good extensor tone. On the 
third day there was little or no rigidity. On the fourth day rigidity was 
absent in the morning, the limbs being quite flaccid, but quite good rigidity 
developed on turning 16 to the other side. On the fifth day the rigidity was 
moderate and on the sixth it had again disappeared, though the pinna and 
other reflexes were good. The animal was then dried. On washing in alcohol 
and drying with a towel there were good movements of retraction with a 
shake of the paw of the limb being dried, especially in the fore limbs, and good 
extensor rigidity returned temporarily. When dry the animal appeared 
completely flaccid, with good pinna reflexes, shaking of the head on blowing in 
the ear, and retraction and shake of each limb on pinching. It was then 
given to Professor Sherrington for use in bis experiments. As soon as dissec- 
tion was started, kicking movements of all four limbs with movements of the 
head and neck were made, the animal micturated and then the preparation 
went into a posture of extreme extensor rigidity with considerable retraction of 
the head which it then maintained. Following this the extension became 
gradually less intense, though never disappearing entirely within at any 
rate twenty minutes. and was renewed in full intensity as soon as. the 
preparation received further stimulation. 


Other preparations were sometimes flexed and perhaps flaccid as 
they lay in the bath, but went into extensor rigidity immediately any 
examination was attempted. In one or two cases this passage from a 
flexed to an extended posture seemed to be induced by mere auditory 
stimuli, but no instance of this was seen in which the evidence was 
absolutely conclusive, owing to the difficulty of observing the animals 
while in a bath. 16 15 conceivable that the flaccid flexion is a posture 
which has some relationship to the sleeping of a normal animal, but no 
proof of this is available. 

Of the animals so far described two (animals II and III) have been 
distinguished by a tendency to turn their head to the left. This was a 
common occurrence, being noticed in fourteen animals as compared 
with nine that turned their heads to the right. This may have been 
due to the fact that the trephine opening was made on the left side 
and in consequence the section was generally a little oblique, and 
neatly always with the tendency to the removal of more on the left 
side. In thirteen of the above fourteen cases with head held to the 
left more brain matter was removed on the left side than on the right. 
On the other hand, of the nine preparations (see cats VI, VILI, XV, 
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XXII, XXIV), in which the head was held turned to the right, in four 
the section appeared to be evenly transverse, in four the section had 
the usual obliquity (more being removed on the left), but the turning 
of the head to the right was observed in spite of this; the level of 
the section was not determined in the ninth. The relationship is 
evidently complex, since the section had the usual obliquity in other 
cases withont there being any asymmetry in the head position; 
undoubtedly during the first few hours stimulation may play a part. 

In the one animal with more brain-stem removed on the right, 
which turned its head to the left, the position assumed may well have 
been due to stimulation, since it occurred during the first day, after 
which the animal died. Stimulation immediately after operation would 
also account for three out of the four cases in which turning the head to 
the right was noticed, although the section had removed more brain on 
the left side, since in these again the turning of the head was only 
noticed during the first day. In the animals with an apparently 
square section, in which the head was turned to the right, this 
posture was not marked except in one case. In all cases where there 
was an asymmetrical head position the level of the section was rela- 
tively anterior, and some few cells of the red nucleus were probably 
left intact and may have been functioning on one side at least. In 
fact, this whole turning of the head to the side most damaged might 
be explained if the tone of the muscles of the neck was increased by 
a crossed connection with a centre lying at about the level of the 
section, and it is possible that the lowermost cells of the red nucleus 
may function in this way. 

Of the thirteen animals showing a persistent turning of the head to 
the left, one (XX VI) has been shown histologically to have had more of 
the red nucleus remaining on the right side than on the left, and in all 
the others the section was sufficiently high for a part of the red nucleus 
to remain, with the possible exception of two. The most difficult case to 
explain is that of animal VI (for post-mortem see p. 249) in which histo- 
logical examination showed an almost complete destruction of the left 
red nucleus, the right red nucleus being partly present though showing 
some chromatolysis. Yet this animal gave auditory reflexes with 
movement of the head to the right during the two days it survived. 
Unless the hæmorrhage had interfered with the tract from the right 
red nucleus, the above hypothesis would seem untenable, and it cannot 
be regarded as estabhshed at present; further the posture is not 
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easily correlated with results of stimulation of the mid-brain reported 
by Graham Brown [8]. | Е 

Many of the animals had sufficient rigidity to stand if propped 
into position, as described by Sherrington in the acute preparation, 
and most of them were able to maintain a very natural sitting posture. 
This consisted in making the animal lie on one side and propping up 


‘the body on the two elbows, so that the head was held in an erect 


position. Many could sit in this position on either side and maintain 
it for a considerable time, though usually after about five minutes the 
head would gradually drop, being allowed to fall sideways, and the pre- 
paration would lie down, the head in this procedure being carefully 
lowered so that no sudden impact with the table occurred. Simularly, 


-the head was gently lowered if the animal was pushed over out of its 


sitting position. If the animal spontaneously held its head to one side, 
it was often only possible for it to balance itself in this sitting posture 
when lying on the flank opposite to the side to which the head was 
turned. All the postures assumed are more or less comparable with 
some seen 10 normal cats, the flexed positions that are often assumed 


-in the later stages resembling those of cats curled up asleep. 


(c) Magnus Reflexes. 


These have been carefully investigated in two animals only owing 
to the difficulties with animals kept in a bath, though a few data 
resembling his results have been obtained on one or two other animals, 


Animal VIT.—Male, three-quarters grown. Post-mortem, see p. 251. De- 
cerebrated by the later method. On examination twenty-seven hours after 
operation the animal could sit on either side and had good rigidity of all four 
limbs when standing, sitting, or lying on 168 right side. The rigidity of the 
fore limbs was less than that of the hind and was almost completely absent 


. when the animal lay on its left side. In the standing position little change in 


rigidity was noticed as the result of raising or lowering head, and when lying 
on its back there was scarcely any rigidity in the fore limbs in any position of 
the head. When lying on right side bending the head down to the right 
increased the tone in the two hind limbs, and rotation of the head (jaw up- 
wards) caused increased tone in the left fore and hind limbs and a slight 
decrease 1n the right hind limb, with no perceptible change in the right fore ; the 
opposite changes occurred on turning or rotating the head in the opposite 
direction. Lying on the left side bending the head up to the rıght increased the 
tone in the right hind, but no other change was distinguishable, and rotation 
(jaw upwards) also increased the tone in the right hind, slightly increased 
that in the right fore, and slightly decreased that in the left hind; the opposite 
affects were obtained by the reverse movements. 
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Animal VIII. — Female. Post-mortem examination, see p. 252, and for more 
detailed deseription of the animal see p.208. Decerebrated by the later method 
Examined on the seventh day. When lying on its back retlexes orthodox, 
showing flexion of the fore-limbs when the head was bent right forward, 
maximum rigidity with head in —45° or +30° position, this decreasing a little 
as the head was moved to 0°. This animal had little rigidity in the standing 
position and could not be made to stand. Placed on one side it assumed 
always a definite posture on whichever side it was lying; in this the lower foro 
was completely extended, the lower hind three-quarters extended, the upper 
hind semi-flexed and the upper fore was flexed and carried forward over the 
other, and the position of all the limbs was a rigid one. On flexion of the 
terminal joint of the upper fore there was extrusion of the claws. While lying 
on the left side bending head to the right caused extension of all limbs except 
that no change was noticed in the right fore; when on the right side there 
was extension of both fore-limbs and slight flexion of both hind on bending the 
head to the left. Lying on the left side, rotation of the jaw upwards caused 
extension of both hind-limbs and no perceptible change in the fore-limbs , on the 
right side rotation of the jaw upwards caused flexion of left hind and right 
fore, and extension of left fore, but no change in right hind. Movements of 
the head in the opposite directions in every case reversed the changes in the 
limbs, with the exception that rotating the head (jaw downwards) when the 
animal was lying on 168 right side not only reversed the changes 10 rigidity 
described for the opposite movement, but also caused a movement forward of 
the left fore-limb. In this cat the rigidity was slightly asymmetrical, since the 
preparation could sit on either side, but did so more evenly and securely if 
resting on its left flank, and ıt showed some tendency for the head to turn to 
the right. Some such asymmetry may account for the atypical reactions to 
these tests. The preparation died soon after the examination, apparently 
owing to a secondary hemorrhage at the base of the brain. 


(d) Opisthotonos. 


This is not uncommon immediately after operation; in these 
animals the respiration rate 1s usually slow (though sometimes there 
is a fast and shallow respiration), and the condition is generally accom- 
panied by-tonic fits in which the rigidity undergoes extreme accentua- 
tion. In fact this head position was never seen except accompanying 
extreme extensor rigidity and merely appeared to be the result of such 
extreme rigidity. A few instances may be described. 


Animal IX.—Old male. Post-mortem, see p. 247. Decerebrated (earlier 
method) 3.80 to 4.80/p.m. At 5.80 p.m. put into bath. Extreme rigidity, 

' especially of hind-limbs. 
Head retraction but not extreme. On second day reflexes brisk. Extreme 
rigidity of all four limbs. Lifts head to left to acoustic stimuli, but no 
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opisthotonos now geen. On ninth day extensor rigidity still good, having 
remained very marked since operation, but auditory reflex has almost disap- 
peared since fifth day. Head retraction now again present. The rigidity of 
the hind-limbs is, however,* definitely less than before, the fore-lmbs are 
fairly rigidly extended except for a rigid flexion of the ankle joint with exten- 
sion of the claws like that described in cat II. In the evening showed marked 


" rigidity of mastication muscles with some clonus of the jaw on opening the 


mouth. Some nystagmus of eyes with rapid movement to the right, especially 
seen in the right eye. On the eleventh day found dead, and evidence found of 
old hamatoma with later infection. 3 


Animal X.—Decerebration (earlier method) 2.45 to 4.15 p.m. Considerable 
hemorrhage At 9 p.m. in incubator, rectal temperature 41 2^, respiration 
rate 24, rather irregular, and each inspiration accompanied by slıght spasm of 
muscles of back Rigidity intense and whenever the animal 18 touched it 
goes into extreme opısthotonos. At 10.45 p.m., temperature 38'8°, respiration 
rate still 24, with long inspiratory pause and only occasional spasm of back 
muscles. Attacks of opisthotonos as before. This opisthotonos was brought 
on most easily by touching the nose; it could be made to relax generally, but 
not always, by flexing the head, and would itself relax spontaneously to some 
extent ofter a time. On one occasion insertion of a thermometer into the 
rectum produced a strong defæcation reflex with immediate relaxation of the 
intense rigidity and disappearance of the opisthotonos. 

On the following morning the opisthotonos had disappeared, breathing 
was more regular, 20 per minute, with a rectal temperature of 37°8°. Rigidity 
marked but not 80 intense, and twitching movements of all four paws present, 
these occurring with each inspiratory movement. On the third day respiration 
normal, muscle spasms no longer seen, and the animal made an inco-ordinated 
mew twice when taken out of the incubator. Animal died at the end of the 
day and post-mortem showed a considerable hematoma at the base of the 
skull. No detailed examination of the level of the section. ' 


Animal XI.—Female, half-grown kitten. · Decerebration (later method) 
9.80 to 3.15 p.m. Signs of reactionary hemorrhage immediately after opera- 


- tion with considerable oozing from the wound. Attacks of marked rigidity and 


head retraction. Found dead next morning. On autopsy considerable hema- 
toma; the section extended from in front of superior colliculi to about 0°5 
millimetres behind the anterior end of the pons. 


It will be clear from these examples that this condition is seen in 
animals with ‘evidence of post-operative hemorrhage, and generally 
blood is also found below the tentorium. Death in the first twenty- 
four hours is common, but if the animal survives the opisthotonos 
disappears, and does not reappear again except in the case of an infec-. 
tion of the base of the skull such as was the case in animal IX. The 
exaggeration of the position as, the resulé of some sensory stimuli, and 


te * t > à + 
uod D , ba 1 
` Es ntt "s * ` , 


N $ ` x ^ 
ғ 


‚у 206 ORIGINAL ARTICLES AND CLINICAL CASES 


M, 


“usually show either symptom, since if is careful to keep itself under 


comfortable conditions and has a thorough insulation ın its fur. The 


', metabolism of these preparations has not so far been investigated 


by us, but we have no reason to doubt the low metabolism figures 
obtained on the acute preparation by Roaf [47], since the difficulty of 
keeping the preparations warm has always been remarkable. The 
stretching out of the limbs in extension no doubt increases the heat loss, 
but even so it is surprising that keeping the animals on a warmed 
operation table, surrounding them with hot-water bottles and covering 
with a blanket, is usually only just able to keep the animal’s temperature 
normal if the room is at all cold, i.e., 15°C. There is also some evidence 


. that the metabolism 1s greater the higher the temperature and that 16 


^ 


“decreases with a fall in temperature, so that there is no effort at a 


control of body temperature through a control of metabolism. Thus in 
an incubator animal with its fur greased and in an atmosphere saturated 


' with moisture (when the loss of heat 1s accomplished by radiation and 


conduction), the difference in temperature between the animal and the 
incubator is usually greater the higher the temperatures happen to be. 


-Thus with a high rectal temperature a difference of 5°C. above che 


temperature of the incubator may be found, and with a low rectal 
temperature ‚the difference between the two may be only 3°C. Thus 


‚there 18 a tendency for the rectal temperature to swing more widely 


than that of the incubator. The resulting difficulty in finding a correct 


. setting for the incubator is readily seen by reference to а few examples. 


The general correspondence between the animal’s temperature and 
that of the incubator is well shown in fig. 1, which represents the 
temperatures observed in cat VII, of which some description has already 


been given. This animal was kept immediately after operation in an 


incubator in which the air was constantly saturated with moisture by 
having the wall covered with damped cloth. Considerable difficulty was 
found in getting a correct setting of the incubator and it is seen that 
between eight hours and twelve and a half hours on the first day the rectal 
temperature of the preparation dropped 21°C (from 372? to 35:19 C.), 
corresponding with a fall of 1:5? C. in that of the incubator. It 15 also 


noticeable that after three and a half hours on the first afternoon the 


rectal temperature was 39° C. and was rising rapidly as the result of an 
incubator temperature of 29 7° C. dry and 29° C. wet bulb, while twenty- 
seven hours after operation the rectal temperature was fairly steady at 
only 86 2? C., though the incubator setting had now been adjusted to 
give a temperature of 30°3° C. dry and 298°C. wet bulb. The 
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difference in the two results 18 probably due to the gradual loss of 
the insulating action of the fur as the effect of the penetration of the 
moisture through it. This was demonstrated accidentally on the second 
afternoon. At 8.10 p.m. the animal was taken out of the incubator and 
was examined for Magnus reflexes in front of a gas stove until 4.25 pin 
During this examination its rectal temperature rose to 39°7° О, its fur 
became dry and in good condition, and it was then returned to the 
incubator in the belief that its temperature would gradually drop again 
to 36°2° C., since the incubator setting had not been altered. The 
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Fig. 1.—-Experrment VII. Abscissa: Time in hours fiom end of operation. Ordinate: 
Temperature degrees centigrade. Lowest curve: Wet bulb temperature of incubatoi, 
Middle curve: Dry bulb temperature of incubator. Upper curve. Rectal temperature (f 
animal. Dotted part of curve: Change when animal was out of incubator being examined in 
front of a gas stove. 


observer was interrupted by teaching work and when the animal was 
again examined, one hour and thirty-five minutes later, 1t was found to 
be dead, with a post-mortem rectal temperature of 421% C. This case, 
therefore, illustrates very well the difficulties of incubator preservation 
of these preparations, and the numerous factors that have to be taken 
into consideration, as well as demonstrating the absence of any control 

The same ponts, and also the general course of such an incubator 
experiment, may be seen in the case of cat VIII (also previously described 
in relation to the Magnus reflexes). The general history of its tempera- 
ture changes is illustrated in fig. 2; bat a more or less detailed account 
may also be given to serve as an example of an incubator experiment. 
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Animal VIII.—Female. (For post-mortem see p. 252, and previous deserip- 
tion p. 208). Decerebrated by later method so as to preserve stalk of pituitary. 
Rather ragged section and considerable hemorrhage afterwards. Large piece 
of gauze left in, but in spite of this a considerable hematoma formed shortly 
after the end of the operation. Placed in steam-heated incubator at 30'8° 
dry and 30° C. wet, i.e., about temperature at which cat VII had a rapid rise 
of temperature on its first day. At three and a quarter hours the rectal 
temperature was still below 35° C.; at four and a quarter hours it was still 
only 34° O., though the incubator temperature had been still further raised. 
The incubator was then set to give 33°5° dry and 39'8? wet bulb, and the 
rectal temperature gradually rose to reach 38° C. after about nine hours. The 
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Fig. 2,—Experıment VIII. Abscissa: Time in hours from end of operation. Ordinate: 
Temperature, Lowest curve: Wet bulb temperature of incubator. Middle curve: Dry bulb 
temperature of incubator. Top curve: Rectal temperature of animal. Dotted parts of 

‘curve; Animal out of incubutor—(a) taken out, wound dressed ; as bodily temperature fell 
fur treated with paraffin and animal then warmed ın front of gas stove; (b) and (c) cooled 
by being kept in a room for a short while, (d) examined in front of stove for Magnus 
ıeflexes. 
incubator temperature was then gradually reduced and regulated to give a 
temperature of about 31'5° dry and 30°5° wet bulb, when the rectal tempera- 
ture reached a steady level at about 37°8° O. During this time the animal had 
had good rigidity of all limbs; twelve hours after operation it showed brisk 
corneal and pinna reflexes, and some mastication reflex, and when the ear was 
twisted-it moved ıts head and fore limbs slightly and showed a definite increase 
in decerebrate rigidity. 

Thirty hours after operation reflexes as before but mastication no longer 
seen; respiration rate 21, temperature 37°3° C. Lying оп right side it now 
had good rigidity of all four limbs, but on turning on to left side showed some 
flexion of back, good rigidity of hind limbs, little rigidity in the left fore, and it 
held the right fore rigid, but flexed and placed forward across the left, with the 
.ankle joint acutely flexed and the claws extended. It kept its head turned to 
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the right if put into a sitting posture. The tail was intensely rigid, and was 
wagged whenever the animal was touched. 

Forty-six hours after operation taken out of incubator, and gauze plug 
removed from wound, hematoma found infected. Animal kept on warmed 
table but room temperature only 9° C. (owing to post-war conditions), and 
the rectal temperature soon dropped to below 35°C Animal then warmed in 
front of gas stove and lubricating oil rubbed into fur to diminish its heat 
insulation value. 

Returned to incubator at 2 p.m. (ie, fifty hours after operation) with 
temperature of 38°7° C. The respiration rate was then 20, having dropped to 
15 per minute when the body temperature was at its lowest. Fig. 2 shows 
the changes in temperature occurring after this and the close correspondenco 
between the rectal and incubator temperatures. When the rectal temperature 
had risen to 416? C. the respiratory rate was 40, dropping again to a rate ot 
31 when the rectal temperature had reached 38°1° C. on taking the animal oui. 
of the incubator and keeping in a cold room. This drop of temperature 
occurred in about thirty-eight minutes, and yet there was never any sign ot 
shivering. The posture of the animal when lying on the left and right sides 
was as before. The wound was opened up and some pus evacuated. 

Sixty-six hours after operation the animal was again examined. It now 
bad good extensor rigidity of all four hmbs when lying on the left side, and on 
being turned to the right side there was good rigidity of the hind limbs and 
extrusion of claws, and on stimulating by twisting the ear the fore limhs 
assumed a rigid flexed position with extrusion of the claws, and maintained it 

One hundred and three hours after operation the rectal temperature was 
38°5° C., and the respiratory rate 32. The upper fore limb was kept flexed on 
whichever side it was lying. On touching the animal there was refles 
extrusion of claws and either retraction or prodding forward of the limbs. 

One hundred and eighteen hours after operation the animal was much as 
abovo, but when traction was made on its flexed upper fore limb, it withdrew 
it with a clawing movement. It also made a cry—an inco-ordinated mow— 
when being turned. 

One hundred and twenty-seven hours after operation was as above bul 
on various stimuli, such as mere touching, would often extend a limb ani 
spread out claws, in the position a cat holds its limbs when stretching after 
waking up. 

At the end of the sixth day the position of the animal on whichever side it 
was lying was very definite and has already been described in connection with 
the Magnus reflexes. It had no auditory reflexes, but by this time some 
mastication had again returned. The respiration rate was 33 with a rectal 
temperature of 89'1? O. There was a discharge of pus and wax with dis- 
integrating hematoma from the wound, and in the middle of the seventh dav 
the anımal died as the result of a secondary hemorrhage within the cranium. 
Urine passed during the third day contained no trace of sugar. 
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x | The effect of body temperature on the respiratory rate is also well 
' shown in the case of cat XII kept in an incubator with a wet bulb 
control, but in which the air was not saturated with moisture and where 
the insulating action of the fur was not interfered with. The changes 

- in body temperature and of the incubator for thirty hours, starting seven 
`, hours after the end of the operation, are shown in fig. 3; the wet and 
‘dry bulb readings were taken at frequent intervals and the rectal 
temperatures were taken with an electrical resistance thermometer and 
were recorded every minute on a Gamgee [16] thread recorder as 
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Fra. 8.—Experiment XII. .Abscissa: Time. operation finished seven hours previous 

. ` Бо commencement of record „Ordınate Temperature. Lowercurve: Wet bulb temperature 

^ of incubator, Middle curve: Dry bulb temperature of incubator. Upper curve: Reotal 

temperature of animal (record with resistance thermometer). Gaps in records, opening of 
incubator door. 


‘described by Woodhead and Varrier Jones [65]. In all, more than 

' forty-five observations of the respiratory rate at varying body tempera- 
tures were made on this animal, though the results were somewhat 
modified by the gradual development of mucus in the trachea giving 
some irregularity in the respiration with a later development of lung 
congestion. If all the figures for the respiratory rate during the first 
few days are averaged the following results are obtained :— 


©, A Temperature Number of observations Average rate per minute 
869 to 87° 5 S 4 a i 28 
A 87° to 88? se er 18 .. = 28 
+ ^ 88° to 89° .. .. 16 .. Ki 88 
89° to 40:10 .. .. 7 .. .. 36 


^ 
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If, however, only the'earlier figures are t&ken, before much tracheitis 
had occurred, the respiratory rates are rather slower but the relative 
differences are much the same. 


Average temperature Number of observations Average rate per minute 
36-19 1 15 
37:20 4 19 
87:89 .. ote D 5 25 
8809 .. s " 2 29 
38:89 4 81 
88 7° 4 32 
89:5" 8 38 


The brain section in this animal was from the anterior end of the 
inferior colliculi to 1 mm. in front of the pons, but a detailed histo-: 
logical examination was not made. It will be noticed that in this 


25 








15 La 
A6°c 37 38 39 40 41 


Ето. 4, —Experiment XII. Abscissa. Rectal temperature. Ordinate; Respiratory rate 
per minute. Variations in respiratory rate with changes in temperature. о = Observations 
during first twenty-nine hours. . = Observations made later than this. 


animal as well as in cat VII there was a very definite dependence of 
the respiratory rate on the body temperature. ‘This is still more clearly 
seen in fig. 4 in which the respiratory rate observations are plotted 
against the body temperatures. The figures are obviously affected by 
other factors, such as the mucus already referred to, and quite possibly 
the respiratory rate is different for any given temperature, if the 
temperature is then falling, compared to what it would be if the 
temperature were rising. In spite of these variable factors it 18 clear 
from a consideration of these two examples that there is a relationship, 
and that the temperature coefficient is rather high, probably about 
4'0, possibly as high as 5. But in any case the effect is much less than 
in the normal cat where a slight rise in body temperature may easily 
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give a respiratory rate of 80 [20] [30] [48]. That the temperature 


` coefficient is so high may be partly due to the fact that not only 


might the change in temperature affect the respiratory centre directly, 
but it might also do so indirectly through altering the metabolism. 

In only one instance was & really fast respiration seen with a raised 
body temperature. In this animal the temperature rose to 49'8? C. in 
an incubator through an accident. At the time of observation it was 
moribund and its respiratory rate was about 60, but this animal had 
had a considerable reactionary hemorrhage, with marked opisthotonos 
. and convulsive spasms, and its fast respiratory rate may have been due 
. to other factors. In any case the rate observed is not very different 
from what might be expected at this body temperature, judging by the 
other animals. The section in this animal was also rather anterior 
and very ragged. 

With regard to the respiration it should be noted that as a rale with 
a normal body temperature the respiratory rate was about 24 per 
minute, which is about the normal rate for a cat. Irregular and 
spasmodic breathing described by Macleod [34] [35] as occurring 
spontaneously in some animals after decerebration was not seen 
except where there was fairly definite evidence of hæmorrhage, as in 
cat X, nor can we agree with the piovisional statement made by 
Macleod that “when the posterior corpora quadrigemina are even 
slightly wounded spontaneous respiration is seldom, if ever, observed.” 
We have repeatedly made sections through ‚this level and observed 
normal respirations, and we have even made sections through the very 
posterior edge of the inferior colliculi without having trouble with the 
respiration (e.g., cat XXI described later, survived over twenty-two days 
with a normal respiratory rate, and cats XX and XXIII furnished other 
examples of this). The contrast between our experience and that of Dr. 
Macleod may depend on the fact that our animals immediately after the 
operation were left quite quiet without further experimentation, while 
such a course is impossible in dealing with the acute preparation. Any 
manipulation or stimulus must increase the risk of reactionary hemor- 
rhage either below the tentorium or into the substance of the medulla, 
and that this was a common occurrence even in our animals may be 
seen by reference to the anatomical descriptions. Clearly the macro- 
. scopical inspection of the brain-stem does not allow the physiological 
level of the decerebration to be determined, and consequently discre- 
pancies between different observers are to be expected according to, 
the relative probability of post-operative hemorrhage. A similar 
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explanation may well account for the discrepancies between Trevan [58] 
and ourselves as to the effect on the respiratory rate of section at 
various levels. 

Fig. 3 demonstrates well how sensitive the body temperature was 
to the changes in the incubator produced by opening the door for a few 
minutes, as for instance for feeding 

That the wet bulb temperature 1s very important 1s shown by the 
fact that animal VII required a wet bulb temperature of abont 29 С. 
with & dry bulb reading of about 30' to maintain & normal temperature, 
while animal XII required a wet bulb temperature of between 28' and 
99? with a dry bulb of about 34? for the same result And yet it was 
not the only factor; the rectal temperature showed a rise in car XII 
between 8 am and 2 p.m. with a rise in the wet bulb temperature. 
but ıt also showed n fall between 4 p.m and 10 pm. although the 
incubator wet bulb temperature had altered very little, while the dry 
bulb fell considerably. Also the difference seen between animals 111 
and VIII, one requiring a wet bulb temperature of 99? and the other 
of 31° (before the fur was greased) with almost complete satnration 
with moisture, to maintain normal conditions, requires explanation. 
Cat VII had an excellent coat and cat VIII was rather mangy. and 
this may well have been the cause 

The incubator temperatures in the case of cat NII were rather 
variable; the reason for this was that the outer door of the meubator 
was left open throughout the experiment to allow the repeated examına- 
tions of the respiratory rate on this animal, and the glass door did not 
give adequate insulation. The sudden peaks occurring in the rectal 
temperature record in this figure are also of interest. They were 
always seen when an animal attempted to defæcate against the resist- 
ance of the thermometer; since they show fairly steep falls directly the 
efforts ceased they may represent a change in temperature which was 
chiefly local. : 

The absence of shivering on cooling was specially tested in onc 
animal (cat XIII) four hours after operation. This animal’s reflexes 
were brisk and the section was an anterior one passing through the 
superior colliculi to 2 mm. in front of the pons; 16 was operated on by 
the older method. Though its temperature was reduced from 39 5” to 
37°8° by wetting with cold water (the normal temperature for а cat 15 
about 38:5") within five minutes, yet no sign of shivering was seen. 
Th another animal which has already been referred to (cat V) the pre- 
paration was kept in an incubator for the first nine hours; it was con- 
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stantly making running movements, so that it was not found easy to 
balance the heat exchange. At the end of this nine-hour period its rectal 
temperature was 40°9° C.; then it was cooled down by holding under 
a tap delivering water at 16:5? C., the water being rubbed into the flanks, 
.so that the temperature fell to 37:89? within sixteen minutes, and yet no 
sign of shivering could be observed. That shivering does not occur 
either even in animals that have survived much longer is clear in that 
no such movement was ever seen in animals, such as cat II which was 
taken from a bath and had its temperature dropped rapidly from a 
normal level to one much below normal during the process of drying. 
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Fra. 5 —Experiment XIV. Abscissa: Time. Ordinate. Temperature. Lower curve: 
Rectal temperature of animal in bath, December 18 to 14. Upper ourve: Temperature 
record of bath Decenibor 12 to 13. 


| Fig. 5 gives examples of records with а resistance thermometer 

of the rectal temperature of animal XIV (described a little later) kept 
in a water bath, as well as a record of the bath itself, the two records 
being taken on successive days, and the part reproduced includes the 
early morning hours when the greatest fluctuations of the bath tempera- 
ture usually took place. The relative steadiness of the rectal tempera- 
ture by the use of this method is very noticeable, and also the rapid 
drop of nearly 1°C. in the rectal temperature on feeding this animal 
(of 2'1 kilo weight) with about 90 c.c. of cold milk by stomach tube. 
The effect of feeding was always marked, if the food were cold, so that 
in incubator experiments it was necessary first to warm the milk to the 
body temperature, since under these conditions recovery of a normal 
temperature took. place much more slowly. 


(f) Pseudaffective Reflexes; Mastication and Vocalization. 


Pseudaffective reflexes have already been described by Woodworth 
and Sherrington [66] in acute preparations, and all those that they 
have described may be observed ın the chronic animal, as well as others 
which are rarely seen except after survival for a few. days. The most 
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common of these reflexes is the lashing of the tail when the animal is 
touched or stimulated, as by twisting the ear; this reflex is seen 
in a large percentage of the preparations (both acute and chronic), e.g., 
cat VIII. Kicking movements and running reflexes may also be 
induced often by touching an animal, as happened for instance in 
animals IT, IV and V. All these reflexes may be seen in the acute 
preparation, but they become more common as an animal is kept, and 
may often be present after the fourth day when the animal has been 
entirely passive during the first few days. The kicking movements are 
usually more widespread and general in the later stages than in the 
earlier, and while they are relatively difficult to induce in the first few 
days except by strong stimulation of some area on the head, in the 
later stages mere touch stimuli at any situation will often produce a 
reaction. Some instances of these may be briefly described. 


Animal XIV.—Female. Decerebrated by earlier technique. Had good 
rigidity with head held to the left, brisk pinna and , conjunctival reflexes. 
pricking of the left ear to auditory stimuli, and it swallowed a stomach tubo 
with a passive reflex action on the first day. Ву the fourth day the head was 
raised to the left when sounds were made, especially to such noises as shuflling 
the feet on the floor, and the stomach tube was only swallowed after apparent 
objection. This consisted in bending the head backwards, biting, attempts at 
spitting out the tube and general movements of the head which suggested an 
attempt to get rid of the tube. The eyes had been washed out with water 
every day, and on this day it began to “object” to this process, squirming 
its bead backwards and making the washing difficult. On the fifth day there 
was some conjunctivitis of the left eye and the washing of the eyes was also 
accompanied by movements of the legs. The section passed just in front of 
inferior colliculi dorsally to about 8 mm. in front of the pons ventrally. No 
detailed examination was made. 


Animal XV.—Male Decerebrated by later method. Rigidity good and 
reflexes good. Slight movements of progression in left hind limb on first day 
On second day some progression movements, though slight, in all four limbs 
from time to time.” Stomach tube swallowed passively. No auditory reflex 

On third day on turning the cat over, it had a flexion spasm of both fore 
paws associated with un increased rate of respiration and some turning of the 
head to the right. 

On fourth day some chewing of the stomach tube but no “ objection ” to it. 
A slight nose-licking reflex present after feeding. 

On fifth day there was some conjunctivitis. On cleansing the eyes there 
was apparent objection, movement away of the head and bringing forward of 
the fore paws as though to push the hand away, but this was badly co-ordinated 
and ineffective. The condition remained much the same till the eighth day. 
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when the animal “jumped” and showed increase of rigidity on cleansing the 
eyes but vo longer moved the fore limbs. It died from a septic enteritis and 
pneumonia at the end of the eighth day. The level of the section was sym- 
metrical and passed between the colliculi dorsally to the anterior edge o 
the pons. ' 


These anımals illustrate the gradual change during the first few 
days with the appearance of reactions not seen at first. Ophthalmia 
was & common occurrence (due no doubt to their blindness); the 


' apparent objection to the cleansing of the eyes was never seen in the 


first few days, but was nearly always seen after the fourth or fifth day. 


"During the first few days after operation, the stomach tube is usually 


well swallowed but without any effort at mastication, after this there is 
often developed a more complicated reflex, in which the tube is taken 
with avidity with a well co-ordinated chewing movement which might 
be so effective as to puncture a stout rubber catheter. Once the tube 


. had reached the stomach the chewing movements would usually cease, 


to recur again from time to time. It was often noticed that these 
chewing movements recurred more commonly at a time when milk was 
flowing through the tube into the stomach. Whether there was any 
reflex connection between the stomach distension and the mastication 
reflex is however doubtful, since at this time mechanical movements of 
the tube in the mouth were liable to occur. On the removal of the 
tube in a good animal there would occur a nose and mouth licking reflex 
usually continuing for two or three licks. A similar nose licking reflex 
has been described in dogs by Meltzer and Githens [42], and like them 
we have found that such a response may sometimes be induced by 
pinching of the nasal septum, but in our preparations it occurs much 
more regularly as a part of a mastication complex. This nose licking 
is also very common, even in animals that do not otherwise show it, 
just before vomiting occurs, and under these conditions some mastication 
movements usually accompany 16. 

The mastication movements were usually well'co-ordinated and 
after a few bites food placed near the back of the mouth was swallowed, 
but the mastication was never sufficient to bite any solid food into small 
fragments; if the solid food were placed in the front of the mouth 
ıt might remain there without any movement occurring, or it might be 
spat out, or very occasionally chewing movements might be induced. 1f 
a number of pieces of solid food were given to such an animal the reflex 
soon fatigued (a cat is a slow eater) and the bolus of food was left 
stationary, even though lying at the back of the throat. If such a pre- 
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paration was then stimulated, as for instance by a slight tap on the 
nose, ıt would shake its head, apparently “ wake up” and the bolus 
was immediately swallowed. A mastication reflex was olten induced 
by merely opening the mouth. The position of the section in animals 
with simple mastication reflexes may be seen by reference to cats 111. 
IV, VIII, all of which showed this reflex well. 

After the fifth or sixth day pseudaffective characteristics often 
appear in this mastication reflex, the tube being apparently objected to 
as in animal NIV, though food would be well taken. In this reaction it 
may kick and bite and make the other movements described im the case 
of cat NIV, or it may be less definite. The sequence of diticrent types 
of mastication reflex is usually as above, but there are variations, and 
in our series of 124 complete decerebrations we have had two which 
showed this sceming objection even on the first day. This was the case 
with animal XII already referred to, and also in the case ol a latin ol 
1:7 kilo weight (cat ХҮР in which the section passed between the 
collicuh to the anterior end of the pons. It will be noticed ther tore 
that in these cases the sections were at a normal level. 

In many cases the mouths of the animals were washed with 
I in 60 carbolic for cleansing purposes. ‘This process has also bien 
accompanicd by a seeming objection, shaking of the head, movement, 
of the limbs, &e.; this reflex also has not been seen during the fist 
few days. 

Though the reflexes so far described seem superficially to have sore 
relationship to emotion, they are clearly, even to a casual observer, 
merely pscudaffective, since they differ from many spinal retleves onn 
by being rather more elaborate, and since in such a decercbiate animal 
they appear with a mechanical precision whenever the animal is Jut 
under the same conditions. It is also very noticeable that a preparation 
that appears to object stiongly to having its eyes washed will allow tire 
wound on its head to be picked up roughly with forceps while a stitch 
is passed or removed, апа not a movement of its limbs mar oectu, 
though a simple rigid extension is maintained. To the stimulus of a 
foreign body in the eye it has an habitual reflex response, but the 
puncture of a needle in the scalp is an abnormal stimulus unconnected 
with any habit or reflex. We can therefore unhesitatingls coniun: 
Sherrington’s interpretation of these phenomena. 

A type of pseudaffective reflex very rarely seen except in chronic 
preparations is vocalization. This was only seen ın-a small percentage 
of the animals, occurring in ten out of the series of 121 operated on 
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Of these ten animals four purred, and where purring occurred at all it 
was usually repeated. An example is described below. 


Animal XVII.—Male kitten, weight 18 kilo. Post-mortem see p 248. 
Decerebrated by earlier technique. Reflexes fairly brisk and moderate 
rigidity on second day. On fourth day purred after feeding. This commenced 
about five minutes after the end of feeding and would then continue for a 
considerable time. Purred after each feed till the sixth day. When touched 
would stretch out claws. Occasionally spontaneous purring occurred in bath. 
On sixth day head wound suppurating and purring reflex no longer seen. On 
seventh day reflexes very sluggish, even swallowing reflex being poor. 
Stomach tube inserted in consequence into trachea and 70 c.c. of milk poured 
ınto it. (In the ordinary reflex animal it is practically impossible to put the 
tube down the trachea owing to the swallowing reflexes.) Considerable 
dyspnoea after this. When fed again, eight hours later, reflexes still very bad. 
but on stroking the chin after feeding it commenced to purr, but this only 
lasted about a minute. On ninth day the wound suppuration was improving 
and reflexes much more brisk. Purring again after morning feed. On tenth 
day reflexes very dull, respiratory rate very fast and no puning. Death later 
in the day from lung abscess and empyemas, obviously resulting from the 
passage of milk into the lung. 


Animal XVIII.—Young female, weight 2 kilos. Decerebrated by earlier 
method. Auditory reflex and purring after food present on first day. Vomited 
and died of suffocation on first night. Section through anterior part of inferior 
collieuli. 

The occurrence of purring with regularity after feeding was very 
striking and ıt could not be induced in any animals in any other way. 
Possibly on the seventh day in cat XVII the stroking under the chin 
assisted in the development of the response, but it is unlikely, since 
this form of stimulus was often tried and never at any other time with 
success. On the other hand, food in the stomach formed the stimulus 
for the purring in three out of the four animals; the fourth in 
which it developed spontaneously will be described in more detail later. 
The disappearance of the purring after food in cat AVII with the 
development of suppuration in the wound, its return as the wound 
condition improved, and its disappearance again with the development 
of the lung abscess was very noticeable, and is of interest in that the 
animal was kept in a bath, so that the body temperature remained 
fairly constant, except that the animal was once taken out and dried in 
an incubator. Purring was observed with a rectal temperature as high 
as 39'2 C. in the bath and as low as 36°5° in the incubator, while the 
temperature during the time that purring was absent was about 
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39°2°, so that it was not change of: temperature that caused the puring 
to cease. With infection, however, there is evidence of the dulling of 
this reflex, much as infection will diminish spinal reflexes in man or 
decrease the appetite. But the condition in these preparations is very 
different from real appetite, since though the purring occurs after food. 
no sign of even a pseudaffective response is observed ıf food ıs 
witbheld. 


Animal XIX.—Young, weight 2 kilos, sex not noted. Decerebrated by 
earlier technique. After operation had good rigidity, good reflexes, head kept 
to left. Maintenance of good sitting posture lying on right side. No auditory 
reflex. One and a half hours after operation put into bath and showed repeated 
strong movements of head to left resembling a clonic movement. After two 
and a half hours found in bath clawing at the stirrer, all claws extruded but 
animal purring. On handling it made violent kicking and running move- 
ments, and in this kicking its head fell under water. After this it gave two 
loud co-ordinated mews—not those of pain so much as those of an angry cat. 
It was taken out of the bath and wrapped in a towel, when it purred again for 
a while. It was then ‘put back into the bath, when it had no further move- 
ments but commenced to purr again. Reflexes and rigidity good. Slight 
movements of head to acoustic stimuli now present. Later it commenced 
kicking movements again, but was hobbled. Sounds appeared to increase the 
movements. When fed it swallowed the tube normally and no purring was 
noticed after. The wound was restitched with no reaction by the animal 
occurring. It died during the night, possibly from hyperpyrexia as the result 
of violent exercise in the hot bath. 

Autopsy showed a slight intracranial hmmorrhage (about the size of a 
small pea) and the section passing through the anterior half of the superior 
colliculi to 2 mm. in front of the pons, the section being slightly oblique with 
rather more removed on the loft than on the right. All the nervous tissue 
above had been completely removed. Histological examination was not 
possible owing to post-mortem softening. 


This animal appeared to have vocalization reflexes occurring 
immediately after operation in a more or less disorganized form. It 
will be evident from the three examples quoted that the level of the 
section has been rather anterior, and it might have been concluded that 
the reaction depended on centres lying above the level of the pons 
But another cat which purred (cat XX) seems to disprove this. 


Animal XX.—Female, weight 2 kilos. Decerebrated by earlier technique. 
Rigidity good. No auditory reflex. Purred after feeding on the third day, 
and repeated this after all meals until it died at the beginning of the fifth day. 
Cause of death uncertain, though there was superficial infection of the wound. 
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The section passed through the lower parts of the inferior colliculi to the 
upper edge of the pons. No histological examination attempted owing to 
post-mortem softening of the brain. 


It seems to be therefore established that purring reflexes depend on 
reflexes through centres in the medulla—though such centres are 
probably high in the medulla, since the reaction is usually not seen 
for the first few days after operation, and shock is probably more 
prolonged in the immediate neighbourhood of the section. It is notice- 
able that purring was only seen in young animals, and then usually in 
females, all animals which might be expected to purr readily during 
life, and in which there may have been a purring habit. The possibility 
of a medulla-initiated habit 1s strengthened by a consideration of those 
animals in which vocalization in the form of growling occurred. 

Growling was observed in three animals, and shows considerable 
contrasts when compared with the purring reflexes. All three animals 
were adult males, and two of them old scarred animals which had 
evidently done a lot of fighting. The sound was exactly that made by 
a cat when fighting, and none of the animals made the sound more than 
once In one case 1b was made on the fourth day when the animal’s 
mouth was being cleaned with carbolic, in another (cat XXI—for 
description see page 221), about two hours after operation as a reaction 
to air blown into its ear; and in the third (cat III already described) 
it occurred about three hours after the operation, when the animal was 
put into the bath. None of the animals repeated the sound (even 
though cat XXT survived for twenty-two days), however much they 
were subjected to nocuous stimuli. 

Here, again, the vocalization was of a type suggesting that habit 
formed an important factor, but in this case the sound occurred as an 


‘isolated phenomenon, and was not repeated in a reflex and automatic 


manner as Was purring. | 

Cat III was peculiar in that ıt gave this growling sound on the first 
day and no more sounds till the sixth day, when it made a sound sonie- 
where between a growl and a mew while having its temperature taken 
with a rectal thermometer, at the same time making kicking move- 
ments which have been described already. The insertion of a rectal 
thermometer was an occurrence which was often repeated, and yet only 
evoked this reaction once, and the same animal on the seventh day gave 
a series of ten loud and well co-ordinated mews when being turned on 
its mattress—another response which it could never be persuaded to 
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repeat. At the end of the seventh day it died—the exact cause рете 
uncertain. 

An indefinite cry somewhat similar to a mew has been observed 
in five animals, of which cats II, III, X and XXI, supply instances 
In the other instance the sound occurred once on putting the anımal 
into the bath on the first day; in this animal the section was 
anterior, from the anterior end of the colliculi to 15 mm. in front 
of the pons, though operated on by the later method. In the 
case of this sound repetition was occasionally seen, but it could 
never be reproduced consistently as could purring. This cry is 
probably similar to the cry made by an animal under an anesthetic, 
and which Sherrington [55] [66] has described as occurring also in 
decerebrate animals while anesthetized. A normal mew was only 
` observed twice—in cat III, as described above, and in cat ХІХ, of 
which details have been already given. In neither case was the mewing 
repeated, nor could it be produced by subjecting the preparations io 
nocuous stimuli. 

One preparation must now be briefly described to give a clearer 
picture of the mode of occurrence of pseudaffective responses in 
general :— E 


Animal XXI.—Long-haied male; weight 25 kilos (For post-mortem 
see p. 246). Decerebrated by older method Had good rigidity one hour alte: 
operation, but no good sitting posture adopted. No movements made Jead 
kept io the left. On putting into bath two hours after operation and blowing 
into ear when it lay on right side, left pinna retracted, head raised to lel 
and slight low growling sound made On third day rigidity good. sone 
doubtful pricking of ears to sounds. On fourth day began to kick a lot when 
turned. On sixth day respiratory rate irregular—about 30 per mmute- 
quickening when the animal was touched. For the first time showed apparent 
objection to swallowing of stomach tube. On eighth. day apparent objection 
to cleansing of eyes and mouth. Considerable kicking movements when 
turned, running movements when rectal thermometer inserted. Whuilo havine 
eyes cleansed twice made an indefinite cry. Mastication reflexes good— 
chewed and swallowed piece of meat put into very front of mouth, but on 
repeating spat second piece out. On twelfth day made movements of 
resistance against any interference with the position of its hend. On 
thirteenth day respiratory rate raised after turning (apparently as the result 
of reaction to handling) to 86, to drop to 24 on leaving the preparation 
undisturbed. 

The condition remained as above, but without any more sounds being made 
till the beginning of the twenty-second day, when the rigidity became less and 
the reflexes duller, the animal dying at the end of the day. 
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(g) Spontaneous Movements. 


Spontaneous movements in the form of progression as well as move- 
ments of the pseudaffective and defence type have already been 
described, and it is clear that a distinction must be drawn between the 
progression movements and pseudaffective responses found after a 
section through the inferior colliculi to just in front of the pons and 
those seen when the section was 1 to 3 mm, more anterior, especially 
on the ventral aspect of the brain-stem. In the former, the pseud- 
affective responses usually developed only after two to four days, and 
though they gradually became more active (e.g., cat II), they were 
never violent. In the latter (as in cat NIX) these movements were 
seen soon after operation and were much more violent. 

Nothing can be added to the description of this second type of 
animal already given by Woodworth and Sherrington, except to draw 
attention to the exceptional case with vocalization (cat XIX) already 
described, and to note that on two occasions such animals have raised 
themselves from a lying to a standing posture in the incubator and have 
been found leaning upright against the side of the incubator. Three 
animals may be briefly described. 


Animal XXII.—Female. Decerebrated by older technique. Nystagmus to 
right and jerky movements of head to Light immediately after operation. One 
hour later found standing in incubator, leaning against side and attempting , 
progression. It died shortly after this. The section was anterior to the 
superior colliculi and 7 mm. above the pons ventrally with many small punctate 
hemorrhages in the mid-brain above the level of the middle of the posterior 
colliculi. There was a considerable amount of blood-clot lying around the 
cerebellum and medulla. 


With this animal may be compared another (ХХІІІ) in which the 


‘section, though low posteriorly, was anterior on the ventral aspect, and 


one (XXIV) anterior both on the dorsal and ventral aspects. 


Animal XXIIT.—Adult male. Post-mortem, see р. 248, and figs. 22 and 23. 
Decerebrated by. older technique. Rigidity good On second day on cleansing 
the mouth with carbolie it kicked violently and moved about a great deal. 
The respiratory rate remained about 19 to 28 during “ life" ; it was constantly 
making progression movements spontaneously, but only kicked violently when 
touched. Died on sixth day. 


Animal XXIV.—Female. Decerebrated by older technique. Three-quarters 
of an hour after operation found standing in incubator leaning against the side 
with its head down biting the wire netting floor. It was makmg violent 
kicking movements. It was taken out of incubator and then remained quiet, 
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but showed auditory reflexes. After another forty-five minutes it was pul into 
the bath, when it again had a paroxysm of most violent movements. It died 
about four hours after operation. The section passed through the superio: 
colliculi and was 4 to 6 mm. in front of the pons ventrally. There were three 
small punctate hemorrhages in the mid-brain just below the posterior colliculi 
and considerable subtentorial hemorrhage extending around the cerebellun 
and medulla and some way down the cord. 


The movements in these anterior sections recur 1n paroxysnis evel} 
fifteen to forty-five minutes, the intervals being shortened if the animals 
are exposed to stimuli such as touches, shakes or sounds. On the other 
hand, immediately after such a paroxysm there is a refractory quiescent. 
interval, and in such an interval an animal of this type will lie quietly 
passive in a condition of simple decerebrate rigidity while a wound i- 
stitched, although fifteen minutes later it may react with the utmost 
violence to a slight stimulus such as a jar or sound. Here, again, there 
is no evidence at all of any conscious sensation or emotion. 

In these animals ‘the movements usually resulted in reactionai\ 
hemorrhage and it has never been found possible to preserve them for 
more than a few hours. A contributory factor to their death may well 
have been the respiratory irregularities described by Macleod [34;, 
though in our animals movements were so active and general that it 
was not possible to judge whether there was any hyperpnoea other 
than that secondary to the exercise. 

Slight vomiting just before death was in these a common occur- 
rence. 

Of other movements that have been observed two are worthy of 
notice. One has been described in cat Il—an apparent attempt to 
reach a sore spot on its skin with its fore-paws, and the other was 
a complex scratch movement made by cat XIII, which four hours 
after operation curled itself up into a flexed position, although it 
had good extensor rigidity, and made (almost completely) the move- 
ment used by a cat when scratching the back of its neck with one of 
its hind limbs. 

It is noticeable that violent movements and vocalization were only 
seen in one animal out of twenty-seven operated on by the later tech- 
nique. In the latter technique the section had a different obliquity, pass- 
ing usually from just in front of the corpora quadrigemina to just below 
the anterior border of the pons, and in the one exception where violent 
pseudaffective movements were made soon after operation and where 
an indefinite cry was also made, the section had passed just in front of 
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the’ superior colliculi to 1'5 millimetres in front of the pons. The centres 


responsible for this reaction therefore probably lie nearer the ventral 


"+. than the dorsal side of the brain-stem, since it is the level of the section 


' son the ventral aspect that makes the most difference (contrast however 


^g 
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cat XXIII) And yet the animals operated on by the later method 
showed the other more common pseudaffective responses and were 
, Very hable to make progression movements, in spite of the different 
" obliquity of ihe section. 


' (h) Acoustic Reflexes. 


Acoustic reflexes have been described in the case of animal Il and a 
‘similar lifting of the head to the left was also seen in cat III, com- 
‘mencing about two hours after operation, and some such 1eflex was also 
present in VI, IX, XIV, XVIII, XIX, XXI and XXIV of the animals 
so far described and also in animal XXVI to be described later. No 
doubt the other acoustic reflexes described by Forbes and Sherrington 
[14], such as wagging of the tail in response to high notes, may have 
occurred in many of the animals, but their position in the bath was 
not favourable to its observation and ıt was only noticed in a few 


animals Movement of the head and of the fore-limbs was observed in 


many animals and was usually particularly noticeable, as in animal II, 
in those cases where the rigidity of the neck muscles was uneven so 
that the head tended to go to one side or the other. Apparently the 
stimulus increased the rigidity, and this being uneven, movement of 


‚ the head resulted. In no case did an animal raise its head to sounds 


. regardless of the position it was lying in; invariably the head was only 
rmoved to one side or the other. 

The auditory reflexes became usually much more brisk after two or 

three days, and might often be seen at this stage when there had been 


tno sign of them earlier, so that their absence could not be presumed 


_ unless the preparation had survived at least three or four days. 


- The greater reaction to high notes, resembling the roof-cries of cats, 
noticed by Forbes and Sherrington, was often confirmed; on the other 


` , hand, in many animals the most effective sound was a small scratching 
. noise, and an animal would often react promptly by raising ıts head if a 
‘piece of paper was crumpled up at a distance of one or two yards. 
^ These sounds are similar to those made by & mouse. One reaction 


to squnds sometimes observed was the extrusion of the claws in the fore- 
‘limbs, which may perhaps be a guide to the nature of the reflex. 


Animals would react to these slight noises even though there was a 
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constant loud noise from the motor and stirrers, to which no reaction 
was shown except when it was started after an interval of rest. 1615. 
worth noting that in the older technique a reaction to sounds was noted 
in most animals where the section passed in front of the inferior 
colliculi to about 2 mm. in front of the pons, but even so not in all, and 
that it was seen in one in which the section commenced in the middle of 
the inferior colliculi and passed to the same level. It was never seen in 
sections by the later method with a different plane of section. if this 
passed from the anterior end of the superior colliculi to the anterior end 
of the pons, but was seen ın one case where the section passed from Just 
in front of the superior colliculi to 1:5 mm. in front of the pons, in the 
animal which has been referred to as having spontaneous violent move- 
ments and vocalization. It would appear therefore that here too the 
level of the section ventrally makes more difference than the level of the 
section dorsally, and that the highest link in the chain for this reflex 
may be nearer the ventral than the dorsal part of the brain-stem. 

On the other hand, in cat XXIII (see figs. 22 and 28 and p. 245), no 
auditory reflex was observed, though the section was anterior on the 
ventral aspect. 
> (è) Nystagmus. 

Spontaneous nystagmus was seen in several preparations, but usually 
in the first few hours only after operation, and probably as the result of 
irritative effects of hemorrhage. ' 

In animal XXII already described there was a jerky movement of 
the head to the rigbt accompanied by nystagmus, which was kept up 
spontaneously during the few hours of hfe. 

Two animals may be briefly described. 


Animal XXV.—Adult male. Decerebrated by earlier method. Two and 
a-half hours after operation bad extreme rigidity and made running movements 
when touched. Five hours after operation had paroxysms of violent fighting 
movements, claws extended, springing movements also made. General appcar- 
ance of anger, but all movements inco-ordinate. Several paroxysms at 
about fifteen-minute intervals. Pinna reflexes brisk. No definite auditory 
ieflexes. Just before the attacks there was some increase in the alrenidy 
very great rigidity, with some retraction of the head, which was also bent to 
the left. With this there was nystagmus to the left and jerky movements ot 
the head to the left, present to a slight extent all the time, but exaggeıntad 
with the commencement of a paroxysm. Animal died in the night, vomiting 
slightly before death. The section passed in front of right superior colliculus 
and through the middle ‘of the left superior colliculus dorsally to cmerge 


. 226 ORIGINAL ARTICLES AND CLINICAL CASES * 


*.8 mm. in front of the pons on the right and 1 mm. in front of it on the left. 
There was no sign of hemorrhage into the stump of the brain-stem but a clot 
about the size of three, peas was lying over the stump above the tentorium. 
‚No detailed examination was made. 

Animal XXVI.—Female. Post-mortem, seep 249. Decerebrated by earlier 

- technique. Good rigidity, head to left, good reflexes, lifts head to left to 
noises on first day. No nystagmus. 

On second day head lifted to left in reaction to sounds and this accom- 
panied by nystagmus to left. 

On third day respiration very fast. Reflexes very sluggish and almost 
absent Some convulsive movements of the legs, but no eye movements. 
Died during the night. ‘ 

The nystagmus when seen was of & usual type with rapid and 
slow components, but the animal described above and animal IX which 
developed nystagmus on the ninth day when meningitis occurred were 
the only ones where it has been observed, except in the first few hours 
after operation. 


Q) Glycosuria. 


It has been suggested by J. Mellanby [41] that there is a centre in 
the brain above the medulla which controls sugar metabolism, this 
theory having been built up on the prolonged glycosuria which follows 
decerebration as compared with that seen after decapitation. But 

' Mellanby's decerebrate preparations were made by Langley's [29] 
starch injection method, so that nothing definite was known of the 
real level of the lesion, nor of the changes resulting in the pituitary. 
At the same time the glycosuria observed was only investigated over a 
matter of a few hours after operation. We can, however, amply 
confirm the long duration of glycosuria found by Mellanby after 
_decerebration; thus in one animal urine obtained by catheterization 
from the bladder twenty-four hours after decerebration still contained 
quantities of sugar. 

On the other hand, the glycosuria does not continue indefinitely. 
Thus the urine of cat VIIT contained no sugar on the third day; in 
‚another animal (XV) urine voided forty-seven hours after operation 

. contained no sugar. This animal had previously voided feces and 
urine about thirty hours after operation; so it appeared to have ceased 
to secrete sugar, at any rate after thirty hours. In no case has any 
glycosuria been observed after the second day—though observations on 
this question have only been possible in preparations kept in the 
incubator. Nor does it appear possible that the glycosuria ceases as 
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the result of loss of glycogen. In cat V urine collected on the sixth 
day showed no sign of sugar, and yet when the animal was killed 
shortly afterwards the liver gave a normal glycogen reaction with 
iodine. In cat XXI, urine taken from the bladder after death con- 
‘tained no sugar, but the liver was not normal. 

The theory put forward by Mellanby does not, therefore, explain 
the facts—though the more prolonged glycosuria compared with that 
of the decapitate preparation certainly requires some explanation. 
Further, experiments on this point are planned for the near future 
The glycosuria we have observed occurs even when the body tempera- 
ture has been subnormal for quite a short while, and we do not think 
that it is to be explained as merely secondary to a fall in body tempera- 
ture as is suggested by the experiments of Morita [44] on rabbits. 
nor do we find, as he did, that 1t ends usually only cn exhaustion of the 
hver glycogen. 


CHAPTER IV.—UNILATERAL DECEREBRATION. 


A series of semi-decerebrations as chronic experiments was under- 
taken on the suggestion of Professor Sherrington, in order to study 
the resultant decerebrate rigidity. Seventeen cats were operated upon 
of which four died at once from hemorrhage or accidents of anæs- 
thesia. The remaining thirteen experiments are not sufficient to 
answer many of the questions that prompted the undertaking, and 
further work has been planned along the same line It seems worth 
while, however, to include here a brief description of the senn- 
decerebrate preparations for the sake of comparison with the results 
of complete decerebration. 


Operative Technique. 


Cats were used under chloroform or chloroform and ether anesthesia 
by the open method. A small mid-line incision was made in the nech 
and the right carotid tied. The left carotid and vertebrals were con- 
trolled at the proper time as in the bilateral operation. The skin and 
muscle were reflected from the right side of the head. The underlying 
skull was quickly removed so as to expose the right cerebral hemis- 
phere. The dura was reflected. Then, with the arterial supply shut 
off, the operator passed a flat bone spatula (a properly shaped salt- 
spoon) over the top of the right cerebral hemisphere, until it touched the 
falx, and swept it downwards to the tentorium and outwards, carrying 
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> away all of the hemisphere except the frontal pole, which could be 
$, quickly scraped out. A part of the inferior colliculus was usually 
'.. thus left intact. This was reflected forward from the surface of the 
cerebellum and removed by a bent bistoury, together with any of 
+ the mid-brain that may have remained ventrally above the top of the 
- pons. The cavity was quickly filled with cotton wool in hot saline and 
: the vertebral arteries released Bits of fresh muscle were usually 
necessary to arrest all bleeding before the left carotid artery was 
released. The cavity was filled with physiological saline before closure. 
In six of the experiments the cavity was filled with a melted 
parafin-vaselıne mixture after removal of the hemisphere. Опе of 
"these animals lived only eleven hours, and four died on the day 
' following operation. Three of the animals became dull and vomited 
just before death. Compression beneath the wax was suspected, and 
«when the sixth animal became dull two days after operation the wound 
`” was opened and the paraffin removed There was a gush of fluid fiom 
_ beneath showing increased pressure. The animal improved temporarily, 
` but died on the day following from broncho-pneumonia. Examination 
| ps of the brains where the dead space was filled with saline, as described 
`5 above, showed a varying amount of swelling of the remaining hemis- 
‘s phere across the mid-line. The animals whose cranial cavities were 
. filled with normal saline rather than wax lived to between two and forty- 
“two days after operation. The conclusion is evident: that swelling of 
7 the remaining brain tissue against the wax was sufficient to cause fatal 
: compression of the lower centres 
\- It was found advisable to suspend the more active animals in a 
‚ + hammock provided with slits for the legs to come through. 
' — The removal, which was always on the right side, extended in each 
'"'ense down to the mid-bram. Two types of removal were made: (1) 
‘anterior, where the decerebration passed above the inferior colliculus, 
; leaving a varying amount of superior colliculus intact and most of the 
‘inid-brai ventrally (in this type the red nucleus was not molested) ; 
^ (2) a posterior removal where the section passed from behind the 
_ Inferior colliculus dorsally, to the anterior margin of the pons ventrally. 
за In this type one red nucleus was removed. Post-mortem examination 
Showed that the removal followed the median sagittal plane with sur- 
E ' ‘prising accuracy, except for the fact that in two cases the spatula passed 
:7 about 2 mm. to the right of this plane, leaving that thickness of mid- 
;" brain and thalamus, and in several cases a very small amount of the 
І “ett thalamus or mid-brain was removed. 
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Forced Movements and Attitude of Head. 


The animal’s head was usually held to the left at the close of the 
operation, and in every case eventually. This attitude depended on 
rotation of the occiput downward and to the left, so that the chin was 
up on the opposite side and the neck bent to the left. The displace- 
ment therefore consisted of retraction of the neck and clockwise rota- 
tion of the head on the shoulders, the head being carried to the left 
away from the side of removal. Those that were able to walk fell to 
the left or walked around in a circle to the left. If the animal was 
laid on its right side it raised its head up to the left and, pushing with 
the right fore. limb, rolled about the cage. When lying on the left 
side the preparation frequently lay quietly but pressed the occiput 
against the floor. These attitudes were eventually assumed in every 
case (except that in two animals no note was made of any forced circus 
movements). In all of the anterior sections, as described above, and 
in the one posterior section where about 2 mm. thickness of the mesial 
portion of the mid-brain and thalamus were left intact, the animals 
turned their heads first to the right on recovering from the anesthetic. 
Within one to five hours in each case this movement was reversed and 
the typical movement of the head to the left appeared, associated with 
forced movements to that side. The short duration of this preliminary 
turning to the right in the anterior section cases before reversal sug- 
gests that some structure is spared by the anterior or lateral removal, 
which is stimulated by traumatic irritation, but later becomes paralysed 
, or unable to cope with a contrary tonic influence. 

After the effects of stimulation had passed off, the head was held 
constantly in a position similar to what has been termed the cerebellar 
attitude. In lesions of one side of the cerebellum, the occiput is said 
to turn in that direction and the head to be retracted to the side of the 
lesion. In semi-sections of the mid-brain, at either a high or a low level, 
the movement is away from the lesion. This was a constant finding in 
these experiments. It may be explained perhaps by the fact that one 
side of the cerebellum is in close anatomical ‘relation with the other 
side of the mid-brain. Muskens [45] has made extended observations 
on the effect of lesions confined to the posterior longitudinal bundle. 
Circus and rolling movements followed such injuries. It is difficult to 
make explicit applications of his results to the movements described 
here however. 
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The Side of Permanent Extensor Rigidity. 


Sherrington noted in 1898 [54], working with acute experiments, 
that unilateral decerebration through the mid-brain was followed less 
regularly by decerebrate rigidity than complete sections of the brain- 
stem. It appeared most often on the same side as the decerebration 
and was occasionally observed to subside and reappear. He noted ina 
monkey and in cats'that after right semi-decerebration, the right limbs 
were held in tonic extension, the tail incurvated to the right with the 
concavity to the right. The head wasturned to the right and retracted. 
The left fore limb and knee were distinctly more flexed than would be 
expected in paralysed limbs. Thiele [57], in acute experiments, like- 
wise noted ipsilateral rigidity after semi-section of the mid-brain, and 
that if the section were more anterior, through the superior colliculi, 
the rigidity tended to become contra-lateral, only a little remaining on 
the ipsilateral side. 

The chronic experiments described below show that some of the 
above post-operative reactions are reversed after an initial stage of 
stimulation. 


In the following experiment, No. P1, after removal of the right hemisphere 
down to the mid-brain, the preparation was suspended in a hammock in erect 
position with legs passing through hammock holes. The animal’s head was 
at once turned to the right and there was extensor rigidity in all four limbs. 
There was slow nystagmus with the quick component to the right. At intervals 
there were spasms of running movements during which periods the nystagmus 
became more rapid. The rigidity of the left limbs became progressively less 
marked until two and a half hours after the close of the operation, when the 
right fore and hind limbs were found to be still in tonic extension sufficient to 
support the weight of the body. Both left limbs, however, tended to assume a 
flexed posture and were held thus a little rigidly. The spontaneous nystagmus 
had disappeared. At intervals spasms came on resembling those mentioned 
above, except that now the right limbs ran and the left limbs became still more 
flexed, especially the fore limb. At these times the eyes opened, the head 
turned to the right, and there reappeared a very small amount of nystagmus 
to the right. Left pupil widely dilated, right pupil less so. Rectal tempera- 
ture 37° C. 

Four and a half hours after operation—head was now turned constantly to 
left. 

Twenty-four hours after operation—head to left and body, including tail, 
curved with the concavity to the left. Extensor rigidity marked on right side. 
Left limbs held in tonic flexion so as to resist passive extension. Occasional 


clawing spasms, at which times the head was retracted. The preparation was 
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taken from the hammock and it swallowed some milk which was poured into 
its mouth.’ А 

Three days after operation there had occurred в surprising change. The 
extensor rigidity was now in the left limbs. When suspended in the hammock 
and quiet, the right limbs maintained a flexed position. It was not possible 
to say whether there was any flexor tonus however, as the right limbs were 
now voluntarily snatched away when touched and were used to scratch the 
observer's hand whenever he attempted to administer food. The left limbs 
were never used in this way. When placed on the floor the animal walked 
slowly in a circle to the left, reeling and falling to the left. The head was still 
held to the left and the jaw tightly clenched. The pupils were now equal. 
Temperature 88° C. Late the same night condition unchanged. 

Four days after operation. The front end of hammock had fallen, so that 
the animal's head hung almost straight down. Animal dead. 

Post-mortem: A subdural hemorrhage was found extending over the left 
hemisphere, under the base of the brain and down the cord to the upper dorsal 
region. Some of the hemorrhage appeared to be more recent than other parts. 
The operative removal extended back to the middle of the inferior colliculus 
but had not quite come to the mid-line, so that 2 mm. of the mesial part of 
the mid-brain and 3 to 4 mm. thickness of the posterior part of the right 
thalamus were spared. A very thin slice of the mesial part of the frontal lobe 
was likewise spared. Interrupted serial sections were cut of the whole left 
hemisphere, mid-brain, pons, and medulla. There was no area of destruction 
or softening. 


It seems probable that the behaviour of the cat immediately following 
the operation was due to stimulation which gradually subsided during 
the succeeding two days. During that time various reactions disap- 
peared or were replaced by opposite reactions. The early rhythmic 
intensification of these reactions also suggests a response to irritation, 
i.e., clawing or running spasms associated with nystagmus to the right, 
head turning to the right and increase in the left-sided flexor rigidity. 
The spontaneous nystagmus disappeared a few hours after operation. 
The head, which had been first thrust to the right, came later to the 
mid-position and shortly afterwards was turned to the opposite side, to 
remain constantly in this typical position with corresponding curving 
of the body to the left. The occasional spasms of running movements 
continued for two days. At the end of that time the flexor rigidity of 
the left limbs disappeared and was replaced by extensor rigidity ; while 
the extensor rigidity disappeared on the right side to be replaced by 
the position of flexion in the right limbs when at rest. 

The unusually long duration of the signs of stimulation may possibly 
be explained by the evidence of older hemorrhage at autopsy, which 
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had not been enough to cause compression until the accident which 
led to the animal’s death. І | 

Shortly after operation this animal resembled those described by 
Sherrington in acute experiments. Extensor rigidity was present on 
the same side as the decerebration, but after the irritation stage had 
passed off it was on the contralateral side. The same was true of all 
other animals where the section passed through the anterior part of the 
mid-brain. Extensor rigidity appeared on the contralateral side either 
at once or after a preliminary stage of flexor rigidity. 


Variations after Posterior Semidecerebration. 


On the other hand, when the level of removal was through the 
lower mesencephalon or junction of the mesencephalon and pons, the 
results were less constant and subject to less symmetrical variations. 
For example, take the following experiments :— 


, P2. The removal was of the posterior type. Bulateral-extensor rigidity 
developed on the first day. On the second day a varying degree of flexor 
rigidity of the left fore-limb appeared, with extensor rigidity of the other threg 
limbs, 

Experiment P3 showed, one hour after operation, extensor rigidity of the 
left fore-limb, the other limbs being flaccid. At the end of five hours the left 
fore-limb showed flexor rigidity, the other three extensor rigidity. 

Experiment P4. Bilateral-extensor rigidity with considerable кинен 
of head associated with the usnal turning to the left. 

Experiment P5. A more detailed account of this animal is given on 
page 284, but it may be noted here that on the day of the operation there was. 
bilateral rigidity. This was followed by some variation and then for several 
days, when not moving about, the fore-limbs were held in rigid flexion, the 
head held to the left and the neck flexed sharply on the fore-paws, while both 
hind-limbs went into tonic extension. This was followed by weeks of activity 
associated with a variable amount of extensor tone in | the left fore and hind 
limbs. 


This variation in the tone of the flexor and extensor systems in 
posterior removals suggests that some structure responsible for pre- 
serving a symmetrical tone pattern has been injured. 


Flexor Rigidity. 
After more anterior semi-decerebrations, the post-operative pattern 


was tonic-extension in the limbs on one side and tonic-flexion in those 
of the other. In certain cases, e.g., Pl, the extensor rigidity appeared . 
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first on the ipsilateral side with flexor rigidity on the other side. This 
was, however, shortly reversed. 

It may be suggested in unilateral removal, after all stimulation 
effect has passed off, that control has been removed from some structure 
whose unantagonized action produces tonic-extensor rigidity in the 
contralateral limbs and tonic-flexor rigidity on the ipsilateral side. 
When the decerebration is bilateral the flexor element usually disappears 
and is superseded by extensor rigidity on both sides. But, as is shown 
elsewhere in this paper (Exps. III and IV, p. 199), even in the com- 
plete decerebration experiments, tonic-flexion occasionally replaces 
tonic extension. 

Thiele [57] and Graham Brown [9] found that electrical stimula- 
tion of one side of the mesencephalon in the region of the red nucleus 
produced ipsilateral flexion and contralateral extension. The latter 
observed that there was an after-discharge following cessation of stimu- 
lation. It is difficult to be certain exactly what tract is stimulated by 
these workers. Bilateral stimulation produces bilateral extension. 
Their work indicates that there are structures in the mid-brain, pos- 
sibly the red nuclei, which take part in the control of posture, (Also 
Magnus [40].) It is not necessary, nor possible, to identify this 
postural mechanism with that responsible for flexor or extensor 
rigidity. 

One of the conclusions that may be drawn from these chronic 
preparations is that there is a mechanism by means of which there 
may be induced increase of tone in flexor muscles at the expense of 
tone in the muscles of the extensor surfaces This flexor rigidity 
tends to alternate with extensor rigidity, appearing frequently in the 
` limbs of the side opposite to that in which extensor rigidity occurs. 

Wilson [63] describes decerebrate attitudes in clinical cases asso- 
ciated with mesencephalic lesions. In his fig. 13, p. 247, the child has 
assumed a position resembling the attitude of unilateral decerebrate 
xigidity, with arm and leg of one side extended, as the author points 
out. It is interesting to note, however, that in addition the limbs of 
the opposite side are held in a sharply flexed attitude. 


3 
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Eye Changes. 


In every case where the corneal reflex was examined it was present 
on both sides. There was some variation, but the right pupil was 
dilated in the great majority of cases. This was most noticeable on the 
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first day after operation. Nystagmus was observed only in one experi- 


* ment. This was in P1, see p. 230, and passed off with other evidences of 


stimulation. The quick phase was toward the side to which the head 
was turned. ' 


Temperature Control. 


' Most of the animals preserved some power of temperature control 
if not exposed to extremes. In three experiments there was no evi- 
dence of control whatever, the temperature falling to between 34% C. 
and 24°5 C. Those animals which survived longest maintained a 
normal temperature. In experiment P5 it was noted in a cold 
room that the animal shivered equally in the limbs of the two sides. 
In this animal the removal extended down to the anterior end of the 
pons and was carried well over to the mid-line. Removing the other 
half of the brain at the same level would have put an end to shivering 
(see p. 205). 

Experiment P5 was described in part above, but as the animal lived 
forty-five days before being sacrificed, a brief account of the post-opera- 
tive behaviour may be added. 


The right side of the brain was removed up to the mid-line and down to a 
level below the inferior colliculus. The cavity was filled with saline. After 
the operation the right pupil was found to be dilated, the left contracted, both 
corneal reflexes present. For two days there was bilateral extensor rigidity 
which became variable. The animal was examined by Dr. Henry Head and 
Dr. Riddoch, who called attention to the fact that when it lay on the left side 
the left fore-limb was held in tonic flexion with claws extruded, and that ten 
minutes after turning over on to the right side the right fore-lmb assumed the 
flexed attitude. This was not a constant finding at later examinations. The 
head was consistently turned to the left and the body and tail curved with 
concavity to the left. Milk was swallowed when placed on the back of the 
tongue with a tube. The animal clawed with right paws only. On the third 
day the fore-limbs were flexed sharply and paws crossed with the head bent 


. down upon them and with occiput a little to the left. Both hind limbs were 


extended strongly most of the time. When disturbed there resulted spitting 
and clawing or purring appropriately. This continued for four or five days with 
gradually increasing activity. During the first week the temperature fluctuated 
between 40? C. and 37?8 C. After this the temperature settled down to 


. ' normal, about 38°6 C. 


Between one month and six weeks after operation the following notes were 
made. The cat had gained in weight. The head was rotated still, with occiput 
to the left and chin to the right, the neck, body and tail being curved with the 


oe ^ 


Fra. 6,— Experiment P5. Six weeks after complete removal of right side of brain, 
including mesencephalon, Tail curved to left, left legs extended, toes of left hind phws > 
fanned, both fore paws rotated with pads a little towards the rieht. All of these attitudes 
are characteristic, as well as the rotation of the head on the shoulders. 


Fic. 7.—Same animal as fig. 6. 
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? Edf cient to provide for complete degeneration, but there were a few 
E black granules shown by the Marchi method in the pyramidal tract 
© and posterior longitudinal bundle, and also the rubrospinal tract. One 
E may assume, therefore, that there was some injury to the red nuclei, 
"unless some of the fibres of Monakow's bundle have a higher origin, 
T e.g., thalamus, as claimed by Bechterew [5]. 
zd Animal XVII (p. 218).— Death nine days after decerebration. The 
Mevel was between the superior and inferior colliculi dorsally. No note 
was made of the ventral level but some of the hippocampus was left on 
the right side. Microscopic examination by the Marchi method showed 
pi "degeneration in all the chief descending tracts, including the rubro- 
‘spinal. The reaction of degeneration was incomplete, doubtless due to 


the short time which had elapsed since decerebration. 


Experiment XXIII. The under-surface of the remaining mesencephalon may 
be seen above the upper margin of the pons, 


Animal XXIII (p. 222).— Death five and a half days after decere- 

"C bration. There was hematoma beneath the wax in the cranial cavity. 
‘The lungs were congested and there was exudate in the bronchi. The 
decerebration had been complete. All of the colliculi had been removed 
band some of the tegmentum caudal to the inferior colliculus.  Ventrally, 
the level of incision was considerably higher, leaving 4 mm. of the left 
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Ventrally it came below the upper margin of the pons, but there 
was a small block of tissue attached by some of the fibres of 
the crura cerebri to the pons. This overlay the pituitary whose 
blood supply was apparently intact. There was a considerable 
hemorrhage extending down into the pons and causing destruction of 
almost all the normal tissue indicated in the dotted areas of figs. 27 and 
28. There was cuffing of the vessels with polymorphs showing that 
there was some encephalitis of the superficial areas in addition to the 
softening due to hemorrhage. Such of the decussation of Meynert and 
Forel as may have existed was completely destroyed. Careful micro- 
scopical examination showed the red nuclei removed or destroyed by 
hemorrhage. On the left side the formatio reticularis was destroyed at 
least as far down as the middle of the.pons. On the right a few nerve 
cells could still be recognized in parts of the upper pons, but they were 
not normal as shown by Nissl staining. The destruction did not reach 
as far as Deiters’ nucleus. ; 

In this case 16 is certain that the red nucleus on both sides was 
completely destroyed. Much of the inferior colliculi was left and 
microscopically normal, but all connection of these centres with the rest 
of the brain-stem was severed. The level of decerebration is in realit\ 
the middle of the pons. 





Fio. 29.—Experiment VII. 


Animal VII (p. 202).—Death twenty-eight hours after decerebration. 
due to hyperpyrexia after warming before stove. No evidence of 
infection. A small amount of isolated brain tissue remained over the 
infundibulum. Top of brain-stem was smooth, symmetrical, and 
convex in outline, beginning in the middle of the inferior colliculi 
dorsally and the upper border of the pons ventrally. (Fig. 29, line 
A—B). 

To microscopical examination, part of the red nuclens was presen: 
on either side and many of the cells were normal. Several small areas 
of hæmorrhage extended downward a few millimetres. The pons was 
otherwise normal. 
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Animal VIII (p. 203).—Death on the seventh day after decerebra- 
tion due apparently to secondary hemorrhage from the brain-stem. 
There was pus and blood-clot between the wax and the brain-stem. 
Progressive microscopical sections showed that there was no encepha- 
litis below the superficial layers. To microscopic examination the 
level of decerebration passed between the superior and inferior colli- 
culi on the right and through the middle of the inferior colliculus on 
the left, to end at the upper border of the pons ventrally. See figs. 30 
and 31. A small amount of brain matter remained above the infun- 
dibulum. The tissue corresponding to the dotted areas was softened 
and filled with compound granular corpuscles. ; 





Fic. 30. —Experiment VIII Right side. Fic. 81.— Experiment VIII. Left side 


There was no remnant of red nucleus on the left side and only a 
few cells belonging to this nucleus remained on the other side. The 
interpeduncular ganglion and most of the substantia nigra cells were 


*. normal as well as the pontile nuclei. Most of the formatio reticularis 


' was normal. With the exception of a small proportion of the cells 


of the right red nucleus, the level of decerebrasion was below the 
mesencephalon. 


CHAPTER VI. 


(a) Decerebrate Rigidity in Chronic Experiments. 


. : Decerebrate rigidity was first mentioned in experimental animals 
by Sherrington in 1896 [53]. He described it as a “tonic rigidity in 
certain groups of skeletal muscles, especially those in the dorsal aspect 
of the neck, tail, and of the extensor surfaces of the limbs.” Decere- 
brate rigidity in animals is, then, a tonic rigidity of the anti-gravity 
muscles, the muscles employed in maintaining an erect posture. 

The neurogenic source of this phenomenon has been the subject of 
many studies. Hughhngs.Jackson [24] had suggested that the cause 
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of hemiplegic rigidity in clinical cases was due to the “ unantagonized 
influence of the cerebellum " . . . "after the influence of the cerebrum 
is taken off" Similarly, the decerebrate rigidity of experimental 
animals has been commonly considered a release phenomenon 

It has been maintained that the red nuclei were the source of the 
rigidity after decerebration through the mid-brain or after a lesion to 
the cerebellum. The intimate connection of these twin nuclei with 
cerebellum, thalamus, globus pallidus, and spinal cord seems to fit it 
for such a function Moreover, it has been shown, notably by Graham 
Brown [9], that electrical stimulation of the red nuclei results in a 
postural response and the stimulation 15 followed by a well maintained 
after-discharge. In a different way, Magnus and his co-workers have 
demonstrated these postural movements also. They have described a 
number of position reflexes which may be seen in the decerebrate 
animal. Many of these position reflexes take place only if the mid-brain 
including the red nucleus be present. Others continue to be seen alter 
the removal of the mid-brain. But because mid-brain and red nucleus 
may have to do with position mechanisms, as indicated above, it does 
not necessarily mean that they are indispensable for the maintenance 
of extensor rigidity. 

The experiments reported in this paper prove that the red nuclei are 
not necessary for the maintenance of decerebrate rigidity. Inasmuch 
as the animals were kept for long periods of time the possibility of 
irritation effects disappears. The rigidity must be a release pheno- 
menon. But it is not'release of the rubrospinal tract. 


Careful microscopical examination, as described above, showed for example 
that in experiments IV and V there was no red nucleus to be found. In 
experiment I, cells of the red nucleus were found in a block of tissue which 
was severed from the brain-stem. Below this the area through which the 
rubrospinal tract must have passed was completely softened and below this 
there was heavy degeneration of the rubrospinal tracts. In other experiments 
(as II, VIII, XVII, XXVI) the greater part of the red nucle: was missing and 
probably the remnant was not functionally active 

In experiment I, just mentioned, the animal showed extensor rigidity 
during the early days following operation, and at times this rigidity was seen 
to vary in intensity durmg an examination. On the twelfth day after operation 
it was noted that the right hind-leg was rigid in flexion while the other limbs 
maintained extensor rigidity. In experiment IV there was extensor rigidity ol 
moderate intensity on the first two days after operation. During the next two 
days a tendency was noted to assume a rigidly flexed attitude. On removal 
from the bath to be dried, extreme extensor rigidity appeared with retraction 
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of the head. This was followed by a short period of tonic flexion of the hmbs 
and extrusion of the fore-claws. There were then several alternations of flexor 
and extensor rigidity. 

Animal V developed extensor rigidity on the day of operation. Next day it 
was much increased. On the third day the extensor rigidity was marked, 
especially after the animal had been handled and turned in the bath. The 
tone was probably sufficient to support the weight of the body with ease. On 
the sixth day the animal was removed from the bath ard dried in the incubator. 
During the drying process there was no rigidity, the limbs being flaccid. After 
this one of the nerves was dissected out for a stimulation experiment. During 
the dissection there were vigorous movements, micturition and the develop- 
ment of extreme extensor rigidity which was maintained during manipulation, 
but lessened when the animal was left quiet for a quarter of an bour. During 
further dissection extreme ngidity returned. By reference to p. 251 it will be 
seen that because of softening, the actual level of decerebration in this animal 
was the middle of the pons. Preparation VIII developed a considerable 
extensor rigidity in all four limbs immediately after operation. On the fourth 
day extreme rigidity was noted in all four limbs, but acter the preparation was 
turned from the right to the left side the right fore-limb went into tonic flexion 
with extrusion of claws Many of the position reflexes described by Magnus 
were later elicited in this preparation. (See p. 203.) 

It ıs unnecessary to multiply examples. Decerebrate rigidity 
appears even though the red nuclei be removed. The preparations 
with high decerebrations acted differently, went into violent running 
movements, and were much more difficult to keep alive than those in 
which the removal was more posterior. There was perhaps more 
variability in the posterior removals, and the :mgidity is frequently 
intensified by afferent stimuli. This variability was noted by Cobb, 
Bailey, and Holtz [11] in acute preparations, as well as the effect of 
afferent stimulation. Magnus [40] concluded that to remove the mid- 
- brain resulted in the loss of the ability to bring the body to normal from 
any abnormal position. The difference in the behaviour of the pre- 
paration according to the level of decerebration cannot be denied. 
Whether or not there is any difference between the nıgidıty of the 
animals with and those without red nucleus, as suggested by Cobb, 
Bailey and Holtz, must be decided by myographic examination of the 
tonus of isolated muscles. To less refined methods of examination the 
rigidity when present is the same regardless of the fate of the red 
nuclei. ; . 

In & number of the complete decerebration experiments, retraction 
of the head amounting to opisthotonos appeared in preparations which 

at the same time showed extreme extensor rigidity and this was 
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frequently spasmodic. That is, head retraction appeared periodically 
together with an increase in extensor rigidity. ‘It seems that when 
extensor rigidity becomes sufficiently intense, opisthotonos usually 
appears as a part of the same phenomenon, as Wilson [63] has 
suggested for tonic fits in man à 

The term decerebrate rigidity is generally taken to mean extensor 
rigidity. But in completely decerebrated specimens another type of 
rigidity sometimes appears, tonic contraction of the muscles on the 
flexor aspect of the limbs. This 1s associated at times with bending of 
the head downward and extrusion of the fore-claws. After semu-de- 
cerebration this phenomenon appeared much more frequently (p. 239), 
alternating with extensor rigidity as though complementary to it. It 
would be more accurate, therefore, to speak of extensor and flexor 
rigidity as two types of decerebrate rigidity. Sherrington, Thiele, and 
Weed have independently noted the occasional appearance of flexor 
rigidity. 

Study of the results of the more anterior unilateral decerebrations 
demonstrates that the extensor rigidity may be ipsilateral in the acnte 
preparation, as described by Sherrington, but that after the stage of 
stimulation disappears the extensor rigidity becomes contralateral in the 
chronic preperation. Correspondingly, flexor rigidity, though sometimes 
contralateral at first, quickly becomes ipsilateral. These observations 
suggest that the fibres whose interruption give rise to extensor rigidity 
decussate somewhere between the anterior part of the mesencephalon 
and the upper part of medulla oblongata. This is in agreement with 
the experiments of Thiele. 

The anatomical basis generally accepted for extensor rigidity at 
present is, very briefly: the rigidity 18 a proprioceptive reflex depending 
on the integrity of the local reflex arc, including the afferent and efferent 
paths to any muscle in question (Sherrington) [56]. The condition 
appears only after section of the brain as low as the posterior part 
of the thalamus (Thiele) [57], or the anterior part of the mid-brain 
(Magnus) [40]. In the chronic experiments of de Barenne there was 
no rigidity after removing fore-brain, leaving thalamus intact. It would 
seem that the tract whose interruption is responsible for decerebrate 
rigidity has its origin about the level-of the hypothalamus. 

On the other hand, section of the brain-stem below the pons 
immediately abolishes the rigidity on the ipsilateral side [54], but not 
on the contralateral side. The phenomenon is therefore independent 
of the pyramidal tract. The nerve paths”responsible for the decert- 
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brate rigidity, whatever their source may be, are found in the antero- 
lateral columns of the cord, since cutting the posterior or the ventral 
columns does not influence rigidity. 

There has been considerable discussion as to what 1s the source of 
the tonic influence which is brought into play by decerebration. It 
must be located in the pons or upper medulla oblongata. The action 
of this centre, or perhaps reflex arc, is modified by stimuli from the 
otic labyrinth although decerebrate rigidity is not abolished by section 
of the eighth nerve [54]. There exists an area on the anterior surface 
of the vermis cerebelli, stimulation of which inhibits decerebrate 
rigidity [53], [38], [59], [11]. Removal of this area induces this 
condition if not already present. Rigidity has been observed to continne 
for some time after total ablation of the cerebellum. Cobb, Baily and 
Holtz [11] maintain that the inhibitory pathway is the dentate-rubral 
fibres. Weed believed the cerebellum to play an important réle in the 


‘cause of decerebrate rigidity, but the removal of the cerebellum in his 
'' experiments did not abolish it immediately. Thiele [57] reported that 


progressive removal of slices of the cerebellum induced decerebrate 
rigidity until the vicinity of Deiters’ nucleus was reached, when all 
rigidity suddenly disappeared. This author likewise made progressive 
sections down the brain-stem and reported that the decerebrate rigidity 
which appeared when the section passed below the posterior end of the 
thalamus, disappeared suddenly on reaching the level of Deiters’ nucleus. 
These were acute not chronic experiments. Magnus considers that the 
decerebration must be as low as the anterior part of the mid-brain 
before rigidity results. He describes decerebrate rigidity as a carica- 
ture of standing, inasmuch as the ability to assume and maintain an 
upright position disappeared with the removal of the mid-brain (40]. 
Magnus likewise agrees that decerebrate rigidity may persist until the 
level of removal reaches the lower margin of the pons. 

It has been shown that the mid-brain and pons of & decerebrate 


, preparation can be bisected in the sagittal plane without loss of 


decerebrate rigidity. On one occasion we confirmed this, as follows .— 


A complete decerebration was performed on a cat at 11 o'clock in the 


‘morning The level was between the colliculi dorsally and 3 mm. in front of 


of the anterior margin of the pons ventrally. The extensor rigidity was well 
maintained and the preparation would stand if properly adjusted on its feet. 
At 4.45 p.m. a sagittal mid-line incision was made through mid-brain, pons and 
well down into medulla oblongata. The rigidity continued and was still in 


, evidence at 6.15 p.m. By this time the rigidity was less intense and the 
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respiration was just coming to a stop. The lungs were artificially ventilated, 
The limbs, after a stage ot clonus, improved their extensor rigidity for a time. 

Examination’ of the brain-stem showed the longitudinal section to be 
complete at the level of the red nuclei. At the level of the upper medulla the 
the bisection was complete dorsally but stopped 1 or 2 mm. short of the 
ventral surface, only severing a part of the inter-olivary body. In the lower 
medulla a considerable hemorrhage had occurred which may have been 
responsible for the respiratory failure. 


As the rubrospinal tract decussates almost completely in the nud- 
line, this is added evidence that the presence of the red nuclei is not 
essential to the existence of decerebrate rigidity. The experiment 
likewise suggests that paths which are responsible for decerebrate 
rigidity do not decussate in the medulla. 

Nothing has been encountered in these experiments which would 
contradict the view of Thiele that the integrity of Deiters' nucleus is 
essential for the production of decerebrate rigidity, or that the spinal 
fibres arising in Deiters’ nucleus carry efferent impulses indispensable 
to the reflex. Weed suggests that the ventral cerebellar tract of 
Gowers carries afferent impulses in the reflex circuit, which is 
responsible for the rigidity. This tract passes dorsally below the level 
of even the lower decerebrations and was seen to be intact in all of our 
anatomical preparations that were carefully studied. 


(b) Temperature Control. 


The whole literature on the subject of temperature control and 
the nervous mechanisms which are concerned has been so carefully 
reviewed recently by Barbour [1] that no attempt need be made here 
to give any detailed account, and reference may only be made briefly to 
such papers as bear most closely on the results here reported. 

' It has been shown by Rogers [50] that in pigeons section of the 
brain-stem below the level of the thalamus completely removes all 
temperature control, while section above the thalamus does not, so that 
even in birds, in which the development of the corpus striatum is very 
different from that of mammals, section of the brain-stem in the region 
we have studied destroys all temperature control. The similarity with 
the results obtained in cats is the more marked when the experiments 
of de Barenne [2] [7] are also taken into consideration He removed 
practically all the brain above the thalamus in the second of the two 
cats described in the above paper, and yet found it to have a normal 
temperature control. Therefore, in cats also the control of temperature 
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' may be definitely located between the level of the middle of the superior 

' colliculi and 2 mm. in front of the pons below and the upper limit of 
the thalamus above. Such a situation for the centres controlling tempera- 

` ture regulation is in entire accord with the work of Barbour on the 
effect of localized heating of the brain. 

Isenschmidt and Krehl [22] in 1912 showed that rabbits in which 
the brain-stem was divided at the level of the junction of the dience- 

. phalon and mesencephalon lost all power of temperature control, while 
if the hemispheres alone were removed control was not lost. But their 
animals without temperature control only survived a few days, and 
considering how long reactions may be depressed following a lesion, the 
possibility of a later return of temperature control was not excluded. 

Later Isenschmidt and Schnitzler [23] made various sections in the 
mid-brain at different levels, these sections being often one-sided and 
partial, and they came to the conclusion that the heat, regulation centre 
was in the region of the tuber cinereum. This would be consistent 
with our results, but their conclusions cannot be regarded as firmly 
established since again they were unable to keep alive for more than a 
few days any animals which lost their power of temperature control. 
Consequently they could not elaborate their results by examination for 
nerve degeneration. The “ Zwischenhirnstich” of Leschke [81] gave 
similar results. І 

The animals that we report offer therefore strong confirmatory 
evidence as to the position of the centres controlling temperature, and 
it should be much easiex to determine whether these are in the thalamus 
or tuber cinereum by the employment of the methods we have developed 
for nursing animals which have lost their power of temperature 
regulation. 

Tt will be evident from the experiments that have been described that 
no sign of temperature control remains and that no such control returns 
at any rate within two weeks. The complete absence of shivering in the 
bilaterally operated animals and its ready occurrence after the unilateral 
operation is very striking, and it is of considerable interest that in the 
latter case shivering occurs equally on the two sides of the body. With 
the unilateral decerebrations it was noticed that if the remaining brain 
matter was exposed to some pressure (as occurred when wax was used 
in these cases) the raised intracranial pressure readily destroyed the 
power of temperature control, and it was also noticed that in the other 
animals which showed deficiency of temperature control the lesion had 
slightly damaged the ‘left side of the brain-stem as well as the right. 
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It seems probable, therefore, that tracts which carry either sensory or 
motor fibres intimately concerned in temperature contro] run in the 
mid-brain close to the mid-line, possibly for instance in the posterior 
longitudinal bundle, though we have no direct evidence of this. 

The animals with bilateral decerebration showed a considerable 
change in the respiratory rate with change in body temperature in spite 
of the apparent absence of temperature control. This however appears 
to be adequately explained by assuming that a rise in-body temperature 
alters the respiratory rate by affecting the respiratory centre directly, 
just as it alters the heart rate by direct action on the heart, and that 
the respiratory rate may be still further quickened by the indirect 
action of a metabolism which has also been increased as the result of 
the raised body temperature. In any case the quickening of the 
respiratory rate with raised body temperature 1s probably considerably 
less.than that occurring in the intact animal [20] [80] [48]. 

While up to the present these preparations have given no great 
additions to our knowledge of the mechanisms concerned in temperature 
control, the possibility of the preservation over long periods of animals, 
in which this control has been lost, would seem to offer many new 
opportunities for the investigation of this problem. 


CONCLUSIONS. 


(1) A technique is described which allows cats in which all the 
brain above the level of the pons has been completely removed to be 
preserved for days and occasionally as long as three weeks. The 
essential factor is shown to be the maintenance artificially of a normal 
body temperature. 

(2) Chronic decerebrate preparations obtained in this way are found - 
to maintain throughout this period the general characteristics described 
by Sherrington. The extensor rigidity is usually maintained with briel 
intermissions, and further proof is thus offered that it is a “release 
phenomenon.” Rigidity continues in many cases after full degeneration 
of the divided tracts has occurred. : 

(3) Decerebrate rigidity is described lasting for more than two 
weeks in animals in which all the red nuclei can be shown histolog1- 
cally to be no longer functioning. Decerebrate rigidity can therefore 
occur in the absence of the red nucleus, and although many reactions 
and position-reflexes disappear in the more posterior decerebrations, 
the character of the extensor rigidity seems tobe the same. It was 
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sometimes found that sensory stimulı would increase the rigidity 


. already present, or cause it to reappear if it were absent. 


(4) Decerebrate rigidity is probably dependent on some centre or 
reflex arc at about the level of Deiters’ nucleus. None of our histo- 
logical examinations showed any lesion to this nucleus nor to the 


' ventral spino-cerebellar tract of Gowers, and the rigidity did not 


disappear after mid-line sagittal section of the pons and medulla. 
(5) Head retraction accompanies extreme rigidity, but is only seen ' 
with other evidences of an ırrıtative lesion such as may be produced by 
progressive hemorrhage. It then forms a part of what may be called 
a tonic extensor fit which on the day of operation occasionally developed 
into a well marked opisthotonos. Spontaneous nystagmus sometimes 

appears also as the result of this irritation. 
` (6) The level of the section was generally ratker oblique and usually: 


more was removed on the left side;.many animals showed an asymme- 


tric head position, usually with a tendency to bend it to the left side. 
In these animals the section level suggested a possibility of some of the 


' right red nucleus cells still functioning. i 


(7) Certain differences between the acute and chronic states were 
noticed. In the later stages there is a much greater tendency for 
flexed positions to be assumed, and these are often asymmetrical and 
sometimes flaccid and sometimes rigid. Of these rigid flexion of the 
terminal joints of the fore-limbs with extrusion of the claws is very 
common. 

(8) The preparations show no sign of temperature control and 


‘never shiver. Bilateral shivering is however seen after unilateral 


decerebration where temperature regulation is preserved. Variations 
in the respiratory rate are seen after bilateral decerebration as the 


result of differences in body temperature, but these variations are 


probably not so great as in the intact animal. 

(9) The respiratory rate is usually that normal for a cat, i.e., about 
24. Normal respirations have been observed for days even when the 
section was at the,lower margin of the inferior colliculi 

(10) Pseudaffective reflexes were usually much more developed 
after the first few days than immediately after operation, and new 
responses were seen. Besides those described in the succeeding section, 
movements of the head away from certain nocuous stimuli were noticed 
and occasionally a movement of the fore-limbs as though directed to the 
protection of the head. | 

(11) Vocalizetion was noted im ten of the 124 complete decerebra- 
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tions. This was rarely seen except after three or four days, and consisted 
most commonly in purring after the stomach had been filled with mılk 

"by a stomach tube. When purring was observed the animal was a 
kitten or a young female. Other cats growled, such sounds being never 
repeated, and in this case the sounds were only observed in old males. 
A true mew has only been observed ın one animal which made such a 
sound on two occasions, but would not do so in response to nocuous 
stimuli. An ill co-ordinated cry, resembling the sound a cat may make 
while anæsthetized, has been observed in five animals, but ıt too is 
apparently sporadic and is rarely repeated. 

(12) Many preparations show a well developed mastication reflex 
with chewing of the food (or tube), swallowing of the bolus and with a 
final nose and mouth-licking reflex. This may be initiated by mere 
opening of the mouth sometimes or by insertion of food into the back 
of the mouth. A stomach tube is merely swallowed during the first 
day, is often also chewed later, while after four or five days food may 
be well swallowed while a stomach tube is received with apparent 

` objection, the head being moved about and attempts being made to spit 
it out. 

(13) Movements are seen in animals with a section between the 
superior and inferior colliculi and these increase after the first few days. 
They consist of movements as described under (10) and (14), and also 
of spontaneous progression movements and of kicking when touched. 
They were distinct from the violent movement found with more anterior 
sections (already described by others). It has not so far proved possible 
to preserve animals for any time when the section has been at the level 
of the anterior border of superior colliculi, owing to the complications 
introduced by these violent reactions. 

(14) Acoustic reflexes become more brisk after the “first few days. 
Lifting of the head to one side (usually the left) has been often seen, 
and would sometimes occur in reaction to such slight sounds as were 
made for instance by entering the room quietly, and this in spite of 
the fact that the bath stirrer was maintaining a constant noise. Though 
the constant noise gave no reaction, it caused a reaction when the 
motor was started after a quiet interval. 

(15) Glycosuria persisting for some time after decerebration (as 
described by J. Mellanby) is confirmed, but this glycosuria disappears 
again on the second or third day and does not reappear. The cessation 
of glycosuria is not caused by disappearance of glycogen. 

(16) Unilateral decerebration was carried out on a series of seventeen 
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cats, the removal extending back to the level of the- pons in some, to the 
anterior part of the mid-brain in others. 

(17) In these semi-decerebrate animals forced movements were 
always directed away from the side of removal. The head was rotated 
with occiput away from the side of removal and the neck flexed and 
retracted so as to carry the head over to the sound side. In some of the 
more anterior removals a transient stage of forced movements to the 
ipsilateral side followed operation, to be succeeded invariably by the 
opposite. | , 

(18) In experiments in which the semi-decerebration passed through 
the anterior part of the mesencephalon, extensor rigidity was found in 
the contralateral limbs. This was preceded sometimes by ipsilateral or 
bilateral extensor rigidity. When the semi-decerebration was more 
posterior and passed between mid-brain and pons, there was consider- 
able variation in the rigidities and a tendency for them to be asym- 
metrical. The anatomical deduction is that the pathway whose 
interruption is responsible for extensor rigidity decussates in the mid- 
brain. 

(19) A condition of increased resistance of the flexor muscles to 
passive extension was described, both in complete decerebrations and 
semi-decerebrations. In the latter, when the removal was anterior, 
this flexor rigidity appeared usually in the ipsilateral limibs, though it 
might be seen in the contralateral limbs for a short time after operation. 
Thus it alternated with extensor rigidity. 

(20) Flexor rigidity as an entity may be described as tonic inner- 
vation of those muscles which are subjected to tonic inhibition during 
extensor rigidity. It is possible to speak of two types of decerebrate 
rigidity. P 

In conclusion we would express our thanks to Professor Sherrington 

' for his continued help and advice throughout the course of the experi- 
ments, and to Dr. J. G. Greenfield for the hospitality extended to us in 
his pathological laboratory at Queen Square. 

The greater part of the expenses of this research was met by a grant 
from the Medical Research Council, to whom we are much indebted fòr 
kind assistance. 


REFERENOES. 


[1] Barsoun, H. б. “The Heat-regulating Mechanisms of the Body,” Physiological 
Review, 1921, 1, 295. 

[2] Banane, J. G. DUSSER px. ‘‘ Recherches expérimentales sur les fonctions du système 
nerveux central, faites en particulier sur deux chats dont le néopallium avait été 
enlevé," Archiv. Neerland. de Physiol. de V homme et des anımauz, 1919, 4, 31. 


г 


€ 
(^ 


EU сз 
THE DECEREBRATE ANIMAL IN THE -CHRONIC AND ACUTE CONDITION 263 


[3] Barenxe, J. G. Dusser pm, and Maanus, В. “ Beitrage zum Problem der Korper- 
stellung,” Pflugei's Archiv, 1920, 180, 75. 

[4] Bazurr, Н. О. ‘The Use of Decerebrate Preparations for Experiments extending over 
Several Days," Journ. Physiol., 1919-20, 53, Proc. Physiol. Soc., xlii. 

[5] v. Becarerew, W. ‘‘ Ueber die absteigenden Verbindungen des Thalamus," Neurol. 
Centralbl., 1906, 25, 546-550. 

[6] Boxoz, R. “A Contribution to the Study of Descending Degenerations in the Brain 
and Spinal Cord," Phil. Trans., 1895, 186, B, 321. 

[7] Baouwsr, B. “Examen anatomique du système nerveux central des deux chats 
décrite par J. G. Dusser de Baronne,” Archiv. Nésrland. de Phystol. de l'homme ot 
des anımauz, 1919-20, 4, 124. 

[8] Brown, GRAHAM.  ''Postural and Non-postural Activities of the Mid brain," Proc. 
Roy. Soc., London, 1914, 87, B, 145. 

[9] Idem. ‘On the Effect of Artificial Stimulation of the Red Nucleus in the Anthropoid 
Ape," Journ. Phystol., 1914-15, 49, 185-194. 

[10] Cavan, S. Ramon. ‘‘ Système nerveux de l'homme et des vertébrés,” Maloino, Pans, 
1909, 

[11] Cosa, S., Barney, A. A. and HoLrz, P. R. “Genesis and Inhibition of Extensor 
Rigidity,” Amer. Journ. Phystol., 1917, 44, 989. 

[19] Crowe. 8. J., Cosuine, Н. and Homans, J. “Experimental Hypophyscotomy,” Buil. 
of Johns Hopkins Hospital, 1910, 21, 127. 

[18] Cusuine, Н. ‘‘ The Pituitary Body and its Disorders," Philadelphia, 1912. 

[14] Fonses, А., and SHERRINGTON, С. S. ‘ Acoustic Reflexes in the Decciebrate Cat.” 
Ames. Journ. Physiol., 1914, 35, 367. 

[15] FRóHLICH, A. and SHERRINGTON, O. ‘ Path of Impulses for Inhibition under Decere- 
brate Rigidity,” Jouin. Physiol., 1902, 28, 14-19. 

[16] Gasrama, A. ‘On Methods for the Continuous and Quasi-continuous Registration of 
the Diurnal Curve of the Temperature of the Animal Body," Phil. Trans., 1909, 
200, B, 219. 

[17] Gorzz, F. ‘Der Hund ohne Grosshirn," Pfluger's Arch f. Physiol., 1892, 51, 570. 

[18] Haroane, J. S. ‘The Influence of High Air Temperatures,” Jous n. of Hygiene, 1905, 
5, 494. 

[19] Harscaee. “ Zur vergleichenden Anatomie des Nuclous Ruber,” Neurol. Centralbl., 
1907, 26, 870. 

[20] Heyuans, J. Е. ‘'Iso-, hyper- et hypothermisation des mammifères par calorification 
et frigorification du sang de la circulation carotido-jugulaire anastomosto,” dich. 
Internat. de Pharmacodynanue ot de Ther., 1919, 25, 1. ` 

[21] Horwes, GORDON. ‘The Nervous System of a Dog without a Forebrain,” Journ. 

Phystol , 1901-22, 27, 1. 

[22] Ізвмвонмірт, V. R., and Kreur,L. “ Ueber den Einfluss des Gehirns auf die Wurme. 
regulation,” Arch. f. exper. Path. u. Pharm., 1912, TO, 109. 

[23] Isensommpr, V. R., and SOHINTZLER, W. ““ Beitrag zur Lokalisation des der Warme- 
regulation Vorstebenden Zentralapparates in Zwischenhirn," Arch, f. exper. Path. 
1. Pharm., 1914, 76, 202. 

[24] Jackson, HuonLINGs. Med. Examine, 1877, 2, April 5, 271. 

[25] KanPLus, J., and KREIDL, А. ‘Ueber Totalexstirpationen einer und beider Grosshirn 
hemisphären an Affen," Arch. f. Anat. u. Physiol , 1914, Physiol. Abth., 155, 

[26] Куктун, А. ря, and MAGNUS, R. “Kleınhırn Hirnstamm and Labyrinthreflexe,” 
Munch, med. Wochenschs., 1919, 66, 523. 

[27] Idem, idem. ‘‘ Ueber die Funktion des Otolithen," Pfluger's Archiv, 1921, 186, 6. 

[28] Idem, idem. “Beitrage zum Problem der Korperstellung," Pfluger’s Archiv, 1920, 180 
291. 

[29] Laxeuey,J.N. Oited by J. Menransy, loc. cit. 

[80] Lersvee, J. ‘Chaleur animale et bioénergétique," Paris, 1911, p. 488. 

[81] Imscuxe, E. “Ueber den Einfluss des Zwischenbiins auf die Warmeregulation,” 
Zeitschr. f. exper. Path. u. Ther., 1913, 14, 167. 


. ORIGINAL ARTICLES AND CLINICAL CASES 


[82] Loxazr, F. A. ‘ Anatomie et physiologie du système nerveux,” Paris, 1842, 


[33] 


` 


[84] 


[85] 
[96] 


[91] 


[88] 
[89] 


[40] 
[41] 


[42] 
[43] 


"EE: 
[44] 


[45] 


[46] 
[4T] 


[48] 
[19] 


[50] 


[81] 





[52] 
[58] 
[54] 
[66] 


[66] 
167] 


158] 


[59] 


LowENTBAL, M., and Horster, V. ‘On the Relation between Cerebellar and other 
Centres, with Especial Reference to the Action to Antagonıstio Musaleg, 508; Roy. 
Soc., 61, 1897, 20-25. 

Maoteon, J. R. “Respiration after Decerebration in Oats,” Trans, Roy. Soc. of 
Canada, 1919, 5, 85. 

Idem. ‘‘ Periodic Breathing in Decerebrate Cats,” Amer. Journ. Physiol., 1921, 55,175. 

Magnus, R. and Kreis, A. DE. “Die Abbangigkeit des Tonus der Extremitaten 
muskeln von der Kopfstellung,” Pflilger’s Archi, 1912, 145, 455, 

Idem. ‘Die Abhangigkeit des Tonus der Nackenmuskeln von der Kopfstellung,” 
Pfiuges's Archw, 1912, 147, 408. 

Maanos, R. and Lreuwen, W. 8. van. “Die akuten und die dauernden Folgen des 
Ausfalles der tonischen Hals-und Labyrınthreflexe,” Pfluger's Archiv, 1914, 159, 
157. 

Macnus, R. “Welche teile des Zentralnervensystems mussen für das Zustande- 
kommen der tonıschen Hals-und Labyrinthe-reflexe auf die Kórpermuskulatur 
vorhanden sein?” Pflliger's dschiv, 1914, 159, 224. 

Idem. ‘‘ Beitrage zum Problem der Korperstellung," Pfluger's Archiv, 1916, 163, 405, 

MELLANBY, J. R. “The Influence of the Nervous System on Glycemia and 
Glycosuria,” Journ. Physiol , 1919-20, 53, 1. 

MELTZER, S. J. and Gituens,-T. S. “The Nose-licking Reflex and its Inhibition,” 
Ame. Journ. Phystol , 1919-20, 50, 377. 

v. Mónaxow, O. “Rote Kern, die Haube und die Regio Hypothalamica bei einigen 
Saugentieren und beim Menschen," Bergmann, Wiesbaden, 1910 

Monrra, S. “The Blood Sugar Content of the Gold Punotured Rabbit," Tohuku Journ. 
Exper, Med., 1991, 2, 408. x 

Muskens, L. “An Anatomical Physiological Study of the Posterior Longitudinal 
Bundle in its Relation to Forced Movements,” Brain, 1919-14, 36, 352. 

Рвовзт. Jahrbücher f. Psych. u. Neurol., 1904, 24. 

Roar, H. E. ‘The Influence of Muscular Rigidity on she Carbon Dioxide Output 
of Decerebrate Oats,” Quart. Journ. Exp. Physiol., 1918, 5, 81 

Rıczer, O. ''Chaleur," Dict. de Physiol , Paris, 1898, 3, 178. 

Rippocn, G., and Воиллвр, E. F “Reflex Movements and Postural Reaction in 
Quadriplegia and Hemiplegia with Special Reference to those of the Upper Limb,” 
Brain, 1921, a 897. 

Rocers, F. T. “Regulation of Body Temperature in the Pigeon and ıts Relation to 
Certain Cerebral Lesions,” Amer. Journ. Physiol., 1919. 49, 271. 

Roramann, M. “Der Hund ohne Grosshirn." Gesellschaft deutscher Nervenarzte, 
1909. Auto-referat Neurol. Centralbl., 1909, 28, 1046. 

Idem. “Demonstration des Sektionsbefundes des Grosehirnlosen Hundes, Berliner. 
Gesellschaft £ Psychiatrie und Neurologie, Neurol, Cents albl., 1912, 31, 867. 

SAERRINGTON, O, 8 ‘On Reciprocal Innervation of Antagonistic Muscles,” Proe. 
Roy. Soc., 1897, 60, 414. 

Idem ‘'Decerebrate Rigidity and Reflex Co-ordination of Movements,” Journ. of 
Physiol., 1897-98, 22, 319. 

Idem. ‘The Integrative Action of the Nervous System, Е London, 1906, р 264. 

Idem, '' Remarks on the Reflex Mechanism of the Step,” Bram, 1910.11, 33, 1.95. 

THLE, F. ‘On tbe Efferent Relationship of the Optic Thalamus and Dieters’ 
Nucleus to the Spinal Cord, with Special Reference to the Cerebellar Influx Theory 
and the Genesis of Dacerebrate Rigidity,” Proc. Roy. Soc, 1905, B, 76, 860-866. 
Also Journ. of Physiol., 32, 1905, 868-884. 

Trevan, J. W “The Control of Respiration by the Mid-Brain," Journ. of ‘Physiol , 
1915-16, 50, Proc. Phystol. Soc., xliii. 

Warn, І. Н. “ON MORE upon Decerebrate Rigidity,” Journ. of Physiol., 1914, 
48, 205-227. 


Ve 


ал 
И Fah а оем x e Sur EN 
qo E LS AL wwe rn i 
tet ir. DEM Ze 27 ©, 3 ~ 
um PT 


A m 
\ vale 

SU 
4 


> 
D ©, h 


THE DECEREBRATE ANIMAL IN THE CHRONIC AND ACUTE CONDITION 265 


[60] 
[61] 
[62] 
[65] 
[64] 
[65] 


[66] 


Weep, L. H “The Reactions of Kittens after Decerebration," Amer. Journ. Physiol , 
1917, 43, 131-167. 

Wenas, W. '““Hals-und Labyrinthreflexe beim Kaninchen; Einfluss auf den 
Muskeltonus und die Stellung der Extremitäten,” Pfluger’s Archiv, 1919, 147, 1. 

Wicsor, S. A. К. ** Anatomy and Physiology of the Corpus Striatum,” Brain, 1918-14, 
36, 427-492. 

Idem. ‘On Decerebrate Rigidity in Man and the Ocourrence of Tonic Fits," Brain, 
1920, 43, 220-269. 

WINKLER, O., and Porter, А. “An Anatomical Guide to Experimental Researches on 
the Oat’s Brain,” Amsterdam, W. Versluys, 1914. 

WoopHzEAD, G 8. and Улввяв.Јомев, P. C. ‘Clinical Thermometry," Lancet, 1916, 
i, pp. 178-180, 281-288, 888-340, 450-454, 495-502. 

Woopwogrs, R. and SHERRINGTON, С. * А Pseudaffective Reflex and its Spinal Path,” 
Јошт. Physiol., 1904, 31, 234-248, 


THE PATHOGENESIS OF SUBACUTE COMBINED DE- 
GENERATION OF THE SPINAL CORD, WITH SPECIAL 
REFERENCE TO ITS CONNECTION WITH ADDISON’S 
(PERNICIOUS) ANEMIA, ACHLORHYDRIA AND IN- 
TESTINAL INFECTION. 


BY A. F. HURST, M.D.OXON. 
AND 
J. R. BELL, M.D. MELB. 


SUBACUTE combined degeneration of the spinal cord has in the past 
«been chiefly investigated by neurologists, who were only interested in 
a minor degree in the associated anæmia. On the other hand, the 
spinal changes observed in Addison’s anemıa have been investigated 
chiefly by physicians, whose interest was in the anemia rather than the 
spinal disease. The present paper is an attempt to discuss the two 
groups of cases from a common standpoint, and to show that both 
depend upon the same underlying pathological processes—oral sepsis, 
absence of free hydrochloric acid from the stomach contents throughout 
digestion, and consequent intestinal infection and intoxication. 

The term Addison's anemia is used in this paper instead of 
pernicious anemia. Addison [1] first described the disease in 1847 
and called it “idiopathic anæmin.” Twenty years later Biermer 
published his work on the same subject and called the disease “ per- 
nicious anemia.” But beyond the pernicious name he invented, 
Biermer added little but confusion to our knowledge of the subject, 
and as the disease is neither idiopathic nor necessarily pernicious, there 
can be no doubt that “ Addison’s anemia ” is the most satisfactory 
name, 


I.—TEuHE PATHOGENESIS OF ÁDDISON'S ÂNÆMIA AND ACHLORHYDRIA, 


Before considering the pathogenesis of subactte combined degenera- 
tion of the spinal cord, if is necessary to.summarize the views we hold 
. ав a result of recent investigations on Addison’s anemia, particularly 
with regard to its association with achlorhydria. For the following 
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reasons we believe that the achlorhydria is an essential predisposing 
cause of the anæmia. 

(1) There is abundant evidence that the achlorhvdria precedes the 
development of the anæmia. As Robert Hutchison first pointed out in 
1900, there is generally a more or less long history of digestive 
disturbances, of the type commonly associated with achlorhydria, 
preceding the first symptoms of anæmia. In one case achlorhydria was 
actually discovered twelve, in another ten, in another three years, and 
in another one year before the onset of anemia. 

(2) In sixty-four out of sixty-six fractional test meals carried out at 
Guy's and the London Hospitals on cases of Addison's ansemia complete 
achlorhydria occurred throughout the period of digestion. At whatever 
stage in the development of the anemia the examination is made 
achlorhydria is found. It was present, for example, in cases in which 
the hemoglobin percentage had not fallen below 85, 85, 80 and 68; it 
is thus a far more constant symptom than any other, even than the 
hematological signs, such as a high colour index and the presence of. 
megaloblasts, as these are often absent in the early stages and even 
temporarily when the anæmia is severe. 

(8) It persists when the anemia has almost disappeared, either 
spontaneously or as a result of treatment. Thus in four cases ıt was 
still present when the hemoglobin percentage was 85, 82, 80 and 70 
respectively, compared with 45, 38, 23 and 53 respectively some months 
or years before. 

(4) There is no constant change in the curve of secretion in any 
form of anæmia, except Addison’s. Thus fractional test meals in our 
last four patients with gastric or duodenal ulcer, complicated by severe 
secondary anemia due to hemorrhage, gave curves of exactly the same 
form as would have been expected in the absence of hemorrhage; the 
percentage of hemoglobin in these cases was 30, 33, 48 and 49, which 
is quite as low as one would expect to find in an average series of cases 
of Addison's anemia when first examined. In two cases of secondary 
anemia caused by rectal hamorrhage with a hemoglobin percentage of 
44 and 42 respectively, and in two cases of chlorosis with a percentage 
of 25 and 48, the curves of gastric secretion were normal. It is obvious, 
therefore, that anæmia does not cause achlorhydria. 

(5) In a long series of cases it becomes clear that the achlorhydria 
is not specific, but that whatever its origin may be, it predisposes to the 
development of Addison’sanssmia. Bennett and Ryle [5] have shown that 
about 4 per cent. of normal young men have achlorhydria. The history 


ORIGINAL ARTICLES AND CLINICAL CASES 


с 
Dr, 


in many cases of Addison’s anemia points to the achlorhydria being of 
this congenital type. In one it was due to alcoholic gastritis, in another 
it resulted from a gastro-enterostomy for ulcer, and—what proves 
conclusively that it is primary and not secondary—in at least five cases 

'Addison's anemia followed the artificial achy.ia produced by total 
gastrectomy performed for cancer. There is thas no constant patho- 
logical change, such as atrophy, in the gastric mucous membrane after 

_ death, and in one case of Addison’s anemia, in which а fragment was 
excised during an operation for appendicitis, Dr. R. D. Passey found no . 
atrophy and no more inflammation than in & specimen obtained under 
similar circumstances in a case of “ benign" achlorhydria. 

For the above reasons we believe that Acdison's anemia only 
develops in individuals who have achlorhydria. The anemia is caused 
by hemolytic toxin absorbed from the intestine, where they have been 
produced by the action of bacteria coming originally from the mouth, 
the presence of achlorhydria baving deprived the stomach of its anti- 

еріс powers, which normally exert a powerful influence in protecting 
: the bowel from such infection. 


IL.—DEGENERATION OF THE SPINAL CORD IN ÁDDISON'S ANÆMIA. 


Lichtheim [18] in 1887 described three cases of “ pernicious 
anemia” with spinal symptoms. <A post-mortem performed on two of 
them showed degeneration of the posterior columns and to a less extent 
in the lateral columns. His clinical and pathological observations, were 
soon confirmed by Minnich [15] and Nonne [18]; the latter author 
before long came to the conclusion that his original idea that the 
degeneration of the spinal cord was secondary tó the anemia must be 

‘incorrect and that both conditions were the result of some chronic 
intoxication. 

In the last twenty-five years spinal cord symptoms have been 
recognized in Addison’s anemia with increasing frequency as they have 
become more systematically looked for. In 1902 McCrae [14] found 
them in 25 per cent. of forty cases; in 1918 Woltmann [21] found 
“ indisputable evidence of the destruction of nervous parenchyma” in 
80°6 per cent. of 150 cases, which were subjected to a detailed neuro- 
logical examination at the Mayo Clinic. This corresponds closely with 
the figures obtained by Minnich [15] [16], who discovered degenerative 
changes in 77 per cent. of the spinal cords of a consecutive series of 

` fatal cases of “ pernicious ansemia.” 
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Mitchell Clarke [17] in 1904 concluded from a study of the 
literature and from his own cases that the changes in the nervous 
system in Addison’s anæmia could be clearly distinguished from sub- 
acute combined degeneration of the cord, whether or not the latter was 
. accompanied by anemia. We agree, however, with the view expressed 
by Barker [2] in 1919 that no definite line can be drawn between 
Addison’s antemia accompanied by changes in the spinal cord, and 
subacute combined degeneration of the cord accompanied by anemia. 
The difference is simply one of degree, and depends upon whether 
a hemolysin or a neuro-toxin is the more active. If either toxin is at 
first produced alone, there is more time for it to give rise to marked 
changes; thus when Addison’s ansnia 1s severe and rapidly fatal, there 
may be no time for any nervous symptoms to develop, or, if they do 
develop, they may be trivial in comparison with those observed ın cases 
in which the nervous degeneration has progressed for many months 
without any anemia. There appears to be no essential difference 
between the clinical symptoms or the pathological changes 1n the spinal 
cord except in their severity, whether the nervous degeneration or the 
anemia predominates. 


IIT.—NATURE OF THE АМЖМІА ASSOCIATED WITH SUBACUTE 
COMBINED DEGENERATION OF THE SPINAL CORD. 


In some of the nine cases described by Risien Russell, Batten and 
Collier [20] in 1900 no anemia was present throughout the disease ; 
in others it developed towards the end, whilst in others it was an 
“obtrusive symptom from the first and preceded the manifestation of 
nervous symptoms by many months.” They definitely state that, 
repeated examinations of the blood “failed to reveal the alterations 
found in pernicious anemia,” the changes being those characteristic of 
„secondary anæmia. The red corpuscles were generally normal in shape, 
nucleated cells were only found in one case in very small ашарын, апа 
no megaloblasts or microblasts were present. 

In 1904, Mitchell Clarke [17] from & study of five cases of spinal 
cord degeneration in anæmia concluded that it is by “no means only, 
nor even most often, that the form of anæmia is pernicious anemia.” 

In an article on subacute combined degeneration of the spinal cord 
published in 1910, Collier [10] states that “severe secondary anemia >” 
is almost invariably present at some period of the disease, though its 
development is sometimes deferred till the last stages. But though he 
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‘regarded the anemia as “definitely secondary,” his description of ‘the 
, blood corresponds more closely to that of Addison's anemia. ‘The 
colour index is usually above normal . . . Anisocytosis, poikslocytosis, 
and polychromatophilia are common. Normoblasts are sometimes nu- 
merous.” He adds, however, that “ megaloblasts have not been found, 
and the reaction for free iron in the liver has not peen obtained in any 
case,” but he makes the important observation that the skin not infre- 
quently assumes a striking lemon-yellow colour. 

‘In the same year Byrom Bramwell [7] described a case in which 
the nervous symptoms developed three years before the anemia was 
obvious, but the blood finally presented all the typical features of 
Addison’s anæmia. Post-mortem excess of iron was present in the 
liver, and there was a great increase in the red bone marrow; the spinal 
cord changes were typical of subacute combined degeneration. In 1915 
[8] he brought forward further evidence pointing to the anemia being 
of the Addisonian variety in subacute combined degeneration of the 
cord, even when it did not first conform to type. He quotes a case in 
which rapid changes occurred in the blood during the last fortnight of 
life, the colour index slowly rising in consecutive investigations from 
0'8 to 2:8. 

Single cases of subacute combined degeneration of the cord have 
been described by Taylor and Waterman (1903), Collins (1904), Lioudon 
(1913), and Redwood (1920), and two cases each by Grinker (1908), and 
Hassin (1917), in which the anæmia was definitely of the Addisonian 
type. Cadwalader, describing nine cases in 1916, stated his belief that 
subacute combined degeneration was not associated with any form of ` 
anemia except ‘‘ pernicious” anæmia. 

In his latest article on the subject, published in 1921, Collier [11] came 
to conclusions entirely different from those in his earlıer writings. He 
states that a careful investigation of the blood changes at various stages 
of the disease and of the post-mortem findings in a large series of cases, ' 
has proved beyond any possible doubt that the blood-changes in every 
case are identical with those that are met with in the various stages of 
pernicious anemia, and that a typical post-mortern picture of pernicious 
anemia occurs frequently enough in subacute combined degeneration, 
In contradiction to his earlier papers’ he says that “ megaloblasts may 
be found in numbers.” | 

' Addison’s ansemia, particularly in the early stages and during the 
periods of remission, may present a blood-picture far removed from what 
is considered to be typical of the disease. This has been recorded fre- 


e 


ы 


- . "э ЖУ * 2 + Е ' К a 
SUBACUTE. COMBINED DEGENERATION OF THE SPINAL CORD 271 


quently and is the experience of all clinicians, A recent case of 
undoubted Addison's anæmia, in which numerous blood examinations 
were made and the diagnosis was confirmed post mortem, illustrates 
this point clearly (Table I). 


TABLE I.— VARIATIONS IN COLOUR-INDEX IN A TYPICAL CASE OF ADDISON’S ANEMIA. 


Data Red blood corpuscles Hemoglobin Colour 

. per o nm. percentage index 
22.9.21 e m 2,200 000 5 .. 30 07 
810.91  .. .. 1,500,000  .. .. 20 0:6 
1.11.21 vs ne 2,800,000 ДЕ ws 40 07 
11.11.21 m ae 2,400,000 ws de 48 12 
18 11 21 2,088,000 58 14 
5.12.21 А T 8,100,000 62 10 

20.1.92 m .. 1,600,000 .. 55 40 1:25 
10499  .. .. 2,400,000  .. .. 40 0:8 
15.6.22 2,940,000 ae m: 60 1:3 
12 6 22 1.640 000 46 14 
26.6 22 2,440,000 50 10 


TABLE IIL—Broop EXAMINATIONS IN Ётант OASES or SUBACUTE COMBINED DEGENERATION 
oF THE Corp. 

























































































{ 
Red Tons | Colon | Porat N la lee ale 
^ - -| NI 1 o- s ngs 
Nems Age| Date pet саш. om Mer ay tosis уда Duis blasts Se | reaction 
centage) ` | cmm., 
E (ds БЕР: E OTE ES NUN E ES, ee 
Jobn B. .. | 62 | 127.20 | 2,650,000} 66 | 1:2 | m hos | 3,750 , Negativo 
dns SEC, mom nm lu A A A EE A dy jala 
Wm. B. .. | 79 | —9.92| 2,710,000 48 038 | Ж ? | — 5 -= |7,000| Negative 
27.6.22 | 8,200,000] 85 | 13 | + | + | + | — (5,0901 
A {ln pe OE A O dana " 
Thos. M. ..| 65 | 2.8.22} 3,500,000! 68 | 0971 + | + | — | — (9,500; Negative 
27.4.22 | 4,580,000| 68 | 0-6 : 
29 5 92 | 4,700,000| 62 | 0-65 
26.7.22 | 6,150,000| 86 | 07 | 
Edith J. .. | 40 | 80.9.32 | 8,300,000 | 58 и о 17200 Positive 
( 
| negative) 
J. E. W.| 62 | 14.7.19| 2,800,000) 5% | 11 | ++ | ++ | + | + | 
(male) 29.7.19 | 1,500,000! 54 | 18 | ++ | ++! + | + 12,800 
16.9.19 | 8,200,000 | 94 15 ? ? + + oi | Nogative 
3.8.91 | 8,400,000} 70 | 10 + | + | + | — | 6,000 
—8 21 | 8,140,000] 8 | 13 | + | + | — | — | 8,700: 
Margaret Н. | 64 | —2,22 | 2,860,000| 85 | 16 | + | + = — | ? | Negative 
Harriet G. |61| —729| 4,710,000 | 56 | 0-6 | + | + | — | — [5,800 | Negativo 
Marion Н. |42 | —7.22 | 2,880,000] 56 | 1-2 | + | + | = | - 17920. Negative 
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It would thus appear probable that many of the cases of subacute 
combined degeneration recorded, including the nine published by Risien 
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Russell, Batten and Collier in 1900, in which the blood-picture was not 
characteristic of Addison's anmmia, were none the less associated with 
Addison's ansemia. The lemon-yellow colour, which Collier observed 
` ın many cases before he came to the conclusion that the anemia was 
of the '' pernicious " type, is quite characteristic of the latter, and, being 
* caused by staining of the subcutaneous fat with pigment derived from 
hæmoglobin, it affords just as good evidence cf hemolysis as the 
Prussian-blue reaction obtained in the liver and sometimes in other 
organs after death. This reaction, although present in almost all cases 
of typical Addison's anemia, is sometimes absent in cases of subacute 
combined degeneration, because the blood destruction has not been 
sufficiently severe and prolonged. 
During the time our present series of eight cases of subacute com- 
. bined degeneration of the cord was under observation the blood-picture 
was not typical of Addison's anemia, but it was quite compatible with 
an early stage of that condition, and in those cases in which repeated 
examinations were made the colour index was at times over one, and 
the film at times showed the characteristic features (Table IT). 


IV.—DIGESTIVE SYMPTOMS PRECEDING AND ACCOMPANYING THE 
Nervous SYMPTOMS oF SUBACUTE ÜOMBINED DEGENERATION 
OF THE CORD. 


In 1908 Grinker [12] drew attention to the occasional association 
of digestive symptoms with subacute combined degeneration of the cord 
, and laid special stress on the frequency of diarrhosa. In 1910 Collier 
[10] stated that he had occasionally observed symptoms of gastro- 
· enteritis and colitis in the disease. In the same year Farquhar Buzzard 
[9] stated that gastro-intestinal disturbances may precede or accompany 
the earliest signs of the nervous disease. In his latest contribution to 
' the subject in 1921, Collier says that in.& considerable number of cases 
' symptoms pointing to gastro-intestinal infection, such as vomiting, 
diarrhoea, anorexia or constipation, were prominent before the onset of 

' nervous symptoms. 
In seven of our eight cases digestive symptoms were present. Two 
` patients had had attacks of diarrhoea shortly before the first nervous 
‘symptoms appeared; one of these had been actually admitted into 
hospital on this account. In another case “bilious attacks ' with 
occasional vomiting and attacks of flatulent dyspepsia preceded the 
nervous symptoms, and in a fourth there was a long history of slight 
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flatulent dyspepsia. Ip three others the digestive symptoms only 
appeared after the first signs of nervous disease. 

The digestive symptoms, which are so frequently associated with 
subacute combined degeneration of the cord, are all symptoms which 
are often caused by achlorhydria apart from this nervous disease and 
apart from Addison’s anemia, and which are generally controlled 
without difficulty by the administration of dilute hydrochloric acid, 
As these symptoms frequently precede the development of the nervous 
manifestations, just as similar digestive symptoms frequently precede 
the development of Addison’s anæmia, 16 seems probable that the 
achlorhydria precedes the development of the nervous symptoms. It 
is certainly not due to the anwmia, as the degree of this is gener- 
ally slight, quite apart from the fact that it is exceedingly doubtful 
whether anæmia ever does give rise to achlorhydria. The fact that 
digestive symptoms do not always precede the development of nervous 
symptoms does not make it any the less likely that achlorhydria always 
precedes them, as the latter condition may be present for years without 
giving rise to the slightest indigestion, and it is indeed present in about 
four per cent. of normal young men without digestive symptoms. 


V.—AOHLORHYDRIA IN SUBACUTE COMBINED DEGENERATION 
OF THE CORD. 


We have had the opportunity of investigating eight cases of typical 
subacute combined degeneration of the cord by the fractional method of 
gastric analysis. In all of the eight free hydrochloric acid was completely , 
absent throughout the period of digestion. The test was repeated in 
three of the cases with the same result. 

So far as we know no other cases have been investigated ın this 
way.  Llewellys Barker [2] found complete achlorhydria in two 
cases, presumably after an ordinary one-hour test-meal. In one the 
anemia at the time of the examination was said to be “ quite definitely 
not pernicious,” though the colour index was 1"1, and in the other the 
red corpuscles numbered 4,000,000 per cm., the hemoglobin percentage 
being 90. Barker’s observation 1s valuable confirmation of our results, 
but the fact that achlorhydria persists throughout digestion is of course 
of greater significance than the absence of free hydrochloric acid from 
the contents of the stomach removed in the ordinary way one hour 
after the meal has been taken. Dr. J. F. Wilkinson, of Melbourne, 
informs us that.he discovered achlorhydria in a patient who consulted 
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him for digestive symptoms a year before the first signs of subacute 
combined degeneration of the cord appeared. | Е 
For purposes of control gastric analyses were made in а series of 
typical cases of disseminated sclerosis and tabes dorsalis. In eight 
consecutive cases of disseminated sclerosis aculorhydria was never 
found, the curves of acidity being the same as would be likely to occur 
in a series of eight normal people. Of nine consecutive cases of tabes 
dorsalis one was found to have achlorhydria ; the remainder had curves 
which fell within normal limits, though in two cases it was somewhat 
high. ‘As 4 per cent. of normal individuals have achlorhydria, the 
single case in this series is probably of no importance (Table III). 


. Taste III.— RELATIVE FREQUENCY OF ACHLORHYDRIA IN VARIOUS CONDITIONS. 






























Achlorhydria 
Наш Low “Normal ” High 
cases Nanibes A acıdıty acuity acidity 
—_—  —Á —— — = ——— on 
Normal (Bennett | 100 4 4 1 87 8 
and Ryle) (5] | 
Various medical | 425 68 14:8 58 | 205 104 
diseases (Bell) (12:5 per cent.) | (45-8 per cent ) | (24:4 per cent.) 
[3] 
Addison’s (perni- 66 64 96 1 1 0 
cious) anemia 
Carcinoma of 10 8 88 8 3 0 
stomach 
Subacute сот. 8 8 100 0 0 0 
bined degener- 
ation of cord 
' Tabes dorsalis .. 9 1 11 1 5 2 
Disseminated 8 0 0 1 7 0 
sclerosis 

















Gastric analysis may therefore give information of real help in 
diagnosis, the presence of free hydrochloric acid in any fraction of a 
-test-mneal being probably a decisive point against the diagnosis of sub- 
acute combined degeneration, whereas the discovery of achlorhydria 
would considerably strengthen the probability of such a diagnosis being 
correct. In three recent cases, which presented features very suggestive 
of subacute combined ‘degeneration, a normal curve of gastric acidity 
was discovered. Each eventually proved to be a case of syphilitic disease 
of the spinal cord. These cases are analogous with two others, the 
only cases in Guy’s Hospital in which a diagnosis of Addison’s anæmia 
had been made in spite of the fact that free hydrochloric acid was: 
present in the stomach. At the post-mortem no evidence of hemolysis 
was present, one being found to have infective endocarditis, and the 
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other, who died of lobar pneumonia, having microscopical changes in 
the spleen, which were typical of Hodgkin’s disease. 


VIL-—ORAL SEPSIS. 


The importance of oral sepsis in Addison’s anæmia has been almost 
universally acknowledged since Hunter’ first drew attention to the 
subject over twenty years ago. In his article on subacute combined 
degeneration of the cord, published in 1910, Collier states that septic 
gingivitis and stomatitis are common in the disease. One of our eight 
. patients had had all his teeth taken out on account of severe pyorrhma 

shortly before we saw him. Two others had had all removed twenty 
or more years earlier because they were becoming loose. The re- 
maining five had more or less severe gingivitis with pyorrhœa and 
septic stumps. Only one patient complained of soreness of the tongue, 
it was abnormally red and corrugated, but there was no ulceration. 
In another the tongue was abnormally smooth and shiny, the papillæ 
having atrophied to & great extent, although the patient, who was 
edentulous, was unaware that she had ever had glossitis. 


VIL—THE EvipEnoE OF INTESTINAL INFECTION IN SUBACUTE 
COMBINED DEGENERATION OF THE CORD AND ADDISON’S ANAIMIA, 


Streptococci are almost invariably present in the sockets of septic 
teeth, whether the individual 1s otherwise healthy or not, but so far as 
our observations go the Streptococcus longus is not often found in the 
contents of the duodenum removed during life with an Einhorn tube, 
except in Addison’s anemia and in subacute combined degeneration of 
the cord. In four normal individuals and in eight cases of infective 
jaundice from Gallipoli investigated by one of us (A. F. H.) with 
C. J. Martin in Lemnos in the autumn of 1915 no streptococci were 
present. Among fourteen patients suffering from various medical 
conditions the duodenal contents contained the S. longus in only three 
instances, one being in a patient with diabetes and slight pyorrhaa 
alveolaris, and the other two men with cholecystitis, one of whom also 
had & severe infection of his tonsils; in all three cases the gastric 
secretion was normal. In four of the fourteen cases achlorhydria was 
present, together with very severe oral sepsis in two and slight pyorrhoea 
in a third, but in spite of this no streptococci were found. In every 
one of the seven cases of Addison's anæmia and the four cases of sub- 
acute combined degeneration oi the cord which we have investigated 
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the S. longus was found on microscopic examination and was obtained 


on cultivation of the duodenal contents. (Table IV.) 


TABLE IV.— Streptococcus longus IN тне DUODENAL CONTENTS. 


Number of cases S. longus present Percentage 
Normal  .. E 5e vs we 4 ss zs 0 
Infeotive jaundice s és e 8 = is 0 | 115 
Various medical cases mS 53 . 14 vs es 8 
Addison's aneinir 7 7 | 100 
Subacute combined degeneration of the cord 4 4 | 


` 


In spite of the somewhat smaller number of cases, the contrast 
between the 11'5 per cent. of controls, in which streptococci were 
found, with 100 per cent. of subacute combined degeneration of the 
cord and Addison’s anemia, is so striking that the conclusion can 


‘probably be drawn that an infection of the intestine with a S. longus 18 


т 2а 


v 
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an essential factor in the production of these diseases. In any case the 
presence of the S. longus in the duodenum is evidence of active infection 


of the intestine. In one of our patients an autogenous vaccine made 


from the S. longus isolated from the socket of an infected tooth gave 


. tise to a temporary aggravation of the sensation of pins and needles in 


‘the hands and feet each time it was injected. 


` NIIL—DisEASES OTHER THAN ADDISON’S ANEMIA WHICH MAY BE 


ASSOCIATED WITH SUBACUTE COMBINED DEGENERATION. 
Schultze, Nonne and Greitlin are said to have reported cases of 
subacute combined degeneration of the cord, in which the blood picture 
was that of lymphatic leukemia, and Collier refers to & similar case 
observed by Greenfield. I only know of two cases of lymphatic 


; leukemia in which a fractional test meal has been carried out. In one 


of these complete achlorhydria was present, but in the other the curve 


- was normal. It is obvious that no conclusions can ре drawn from the 


two cases, but the presence of achlorhydria in one of them would 
suggest that in leukemia the oral sepsis and achlorhydria, which are 
the necessary conditions for the development of Addison’s anssmia and 


. subacute combined degeneration of the cord, may be present. This 


would explain the occurrence of cases of so-called ‘‘leukanwmia,”’ in 
which the blood picture is a combination of leukemia and Addison’s 
ansemia, as well as those rare cases of subacute combined degeneration 


. of the cord with leukemia which have just been mentioned. , 


It is also said that severe cachexia may be associated with similar 
changes in the spinal cord, but we have been able to find no detailed 


description of such cases, the majority of which appear to have been 


{ 


SUBACUTE COMBINED DEGENERATION OF THE SPINAL CORD 277 


due to cancer of the stomach. In 30 per cent. of our cases of gastric 
cancer complete achloryhdria was found with the fractional test meal, 
and oral sepsis is of course not uncommon. Severe anæmia is more 
common in cancer of the stomach than in cancer elsewhere. This may 
be due to the fact that a hemolytic toxin is sometimes produced when 
achlorhydria is present and causes a more severe anæmia than would 
result from,the cancer toxins alone. At the same time neuro-toxins 
might well be produced. 

Lastly, subacute combined degeneration of the cord is said to occur 
in connection with Addison’s disease, although here again we have been 
unable to find any detailed reports. We have, however, had under 
observation a man suffering from typical Addison’s disease with an 
extreme degree of pigmentation, a very low blood pressure, general 
asthenia and vomiting, in whom signs of posterior and lateral cord 
degeneration were present. Further investigation showed that the 
Addison's disease was associated with the blood changes of Addison's 
(pernicious) anæmia, so that the nervous changes can be regarded as 
a complication of the latter rather than of the suprarenal disease. 


IX.—SUBAOUTE COMBINED DEGENERATION OF THE CORD WITHOUT 
ANÆMIA. 


It has generally been stated that cases of subacute combined de- 
generation of the cord occur without any anemia. We have, however, 
seen no reports of such cases, in which blood examinations have been 
made during the last two or three weeks of life, and Byrom Bramwell’s 
case, in which anemia of a typical Addisonian form developed during 
the fortnight before death, shows how necessary it is to do this before 
concluding that the nervous disease runs its whole course without being 
complicated by anemia. It would, however, not be surprising if in 
a small proportion of cases no anæmia occurred at all, because there is 
no reason why in some cases neuro-toxins might not be produced 
without hæmolysins, just as the latter are certainly produced in 
& considerable number of cases without the former. 


X.— PATHOGENESIS. 


In their classical account of subacute combined degeneration of the 
spinal cord published in 1900, Risien Russell, Batten’and Collier [20] 
came to the conclusion that the disease is caused by some toxic agent, 


which is also the cause of the anæmia, with which it is generally 
BRAIN.—VOL. XLV, 19 
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associated, and that ıt is not secondary to the anæmia. Writing ten 
years later, Buzzard [9] suggested that this toxin has its origin in the 
alimentary canal, and in 1921 Collier [11] concluded that the toxic 
agent responsible both for the nervous degeneration and the anemia 
is of gastro-intestinal origin. 

We have already given our reasons for believing that achlorhydria is 
an essential predisposing cause of Addison's anæmia. Our observations 
lead us to agree with Collier’s most recent conclusion that the anemia 
with which subacute combined degeneration: of the cord is almost always 
associated is the so-called ‘‘ pernicious ” form, first described by Addison. 
It is therefore not surprising that achlorhydria appears to be present as 
constantly in cases 1n which subacute combined degeneration of the 
cord is the earlier and more prominent symptom, as in those in which 
ansemia is present alone or in which the nervous symptoms remain 
comparatively unimportant. 

Gastric juice has two functions: it helps im the digestion of pro- 
teins, and the antiseptic action of its acid helps to protect the intestines 
from infection with swallowed organisms. In achlorhydria proteins 
pass into the duodenum in an unaltered form, and bacteria from the 
mouth and nasopharynx are likely to reach the intestine in far greater 
numbers than under normal conditions. If achlorhydria is associated 
with oral sepsis, secondary infection of the intestines 18 extremely likely 
to occur. The investigations of Bennett and Dodds [6] show that 
pancreatic secretion is also deficient in Addison's anemia. The diges- 
tion of proteins is therefore likely to be even more deficient than 
in cases in which achlorhydria is present alone. Consequently in 
Addison's antemia and in subacute combined degeneration of the cord 
intestinal infection is likely to be associated with the presence in the 
intestines of excess of undigested or incompletely digested protein. 
Under such conditions it is not surprising that toxins are produced by 
the bacterial destruction of proteins 1n abnormal quantities in the intes- 
tines. It is probable that one of these is specially toxic for the blood 
and leads to a hæmolytic form of anemia, and that another is specially 
toxic for nervous tissues and leads to combined degeneration of the 
spinal cord. In most cases the former toxin 1s the dominant one, but 
in a small minority of cases the latter is the more important. Although 
one or other may appear to be present alone in the early stages, it is 
rare for the hemolytic toxin and still more rare for the neurotoxin to 
continue to be produced without the other throughout the course of 
the illness. X 
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pai XI.-—TREATMENT. 
- ‚The. most important part of the treatment of subacute combined 
degeneration is to attempt to overcome the intestinal infection and so 
stop the development of the neurotoxic and hemolytic poisons. Oral 
sepsis should be thoroughly dealt with. Every tooth which shows the 
slightest sign of infection on expert clinical examination should be 
condemned. An X-ray photograph should always be taken of all the 
remaining teeth, however healthy they may appear, and the slightest 
sign of apical infection or periodontitis should lead to their removal. 
In most cases every tooth will have to be extracted. If the tonsils are 
infected they should be enucleated, and the nose and nasal sinuses 
should also be examined and if necessary thoroughly treated. 

The achlorhydria should be corrected by the administration of large 
doses of hydrochloric acid. In most cases we have found that a drachm 
and & half of dilute hydrochloric acid are required in order to com- 
pensate for the deficiency of gastric juice (Charts I and IT). The acid 
should be added in the proportion of a drachm to 4 oz. of water in 
order to make a beverage, the acidity of which is about the same as 
that of gastric juice. If lemon juice and sugar are added the drink is 
quite palatable. It should be drunk during the course of each meal, 
and a little of it should be left over to sip for half an hour after the meal 
is completed. The patient should continue to take it without inter- 
mission for the rest of his life, as even if the intestinal infection appears 
to be overcome, the achlorhydria probably always remains. 

Milk which has been soured with an active lactic acid bacillus 
should also be given for an indefinite period. Most patients can take 
half a pint three times a day without difficulty. 

Lastly, a vaccine should be made from any streptococcus which 
can be isolated from the sockets of extracted teeth, from the duodenal 
contents withdrawn through an Einhorn tube, from the fæces and from 
the urine. This should be given in carefully graduated doses, beginning 
with very little, and slowly increasing, but it is desirable that no general 
reaction should follow the injections. 

Unfortunately the degeneration of the spinal cord, when it has once 
occurred, is permanent, so that all that can be expected from adequate 
treatment of the intestinal infection is that the progress of the disease 
may be arrested. : A certain amount of improvement may, however, 
result from a systematic course of exercises of the type that Frenkel 
introduced for tabetic ataxy. On the other hand, if the production of 
hemolytic toxins is arrested, the blood shows spontaneous improve- 
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ment, and recovery: can also be accelerated in severe cases by one or 
more transfusions of blood. Arsenic may be given, but care is neces- 
sary, a8 in the presence of subacute combined degeneration it is difficult 
to recognize the earliest symptoms of arsenical neuritis.- 
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Снавт I.—Fractional test meals to show free НО! in a man with subacute combined 
degeneration of the spinal cord. A, without addition of acid—complete achlorhydria; B, 
with addition of 5i dilute HOI (B.P.) in 3tv water i— 0:8 °/ HCl) taken with the gruel and 
also sipped for an hour afterwards; O, with addition of Ziss dilute HO] in &vi of water— 
normal ourve; D, with addition of gii dilute HOI in Svhi water— hyperchlorhydria curve, 
The shaded area represents the limits for free HO] of 80 ?/, of normal people. 
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Onmanr II.—Fraotional test-meals to show free НО! in a woman with subacute combined 
degeneration of the spinal cord. A, without addition of HOl—complete achlorhydria ; B, 
with addition of 5188 dilute HCl ір Зуі water. ; 





Insufficient time has elapsed to be able to report the final result of 
treatment on these lines. So far it has been most promising. The 
anæmia, being recognized at an early stage, rapidly improves; in the two 
cases of our series which have been longest under observation it has 
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actually disappeared, and in one of these the red corpuscles now number 
over 5,000,000 per cubic millimetre. There has been no increase in 
the nervous symptoms or physical signs, and in one of the two cases 
just referred to the tingling of the feet and hands has almost disap- 
peared, ‘and the ataxic and spastic gait has greatly improved, but the 
physical signs are unaltered. 
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‘THE MENINGIOMAS (DURAL ENDOTHELIOMAS): THEIR 
SOURCE, AND FAVOURED SEATS OF ORIGIN! : 


BY HARVEY OUSHING, O.B., HON.F.R.C.S. 
Professor of, Surgery in Harvard University. 


THE tumours under consideration have long masqueraded under so 
many guises that it is well-nigh impossible, historically, to do them 
justice. In their gross appearance, they are sufficiently striking to have 
attracted the notice of morbid anatomists from early times, and without 
carrying the subject farther back than Cruveilhier we may feel assured 
from the admirable illustrations in his famous “ Anatomie Pathologique,” 
that he at least had encountered before 1835 some four or five examples 
in the course of his extensive post-mortem. studies. 

As these, or similar tumours, were then known occasionally to 
involve and absorb the adjacent bone, a lively discussion had arisen as 
to whether they took their origin from the diploe or dura, and if from 
the dura whether from its internal or external surface. Earlier writers 
had referred to the lesion as a fungus dure matris, a term which has 
survived to our times; but Cruveilhier substituted for this the designa- 
tion tumeurs cancéreuses des méninges, thereby redecting the pathology 
of his day, and as late as 1858 we find R. Bennett in this country using 
the term epithelial cancer for these meningeal tumours. Such epithets 
as these, however, could not survive the advent of the morbid anatomist 
armed with the microscope and aniline dyes, nor in turn the embryo- 
logist: with his classification of tissues. 

In the early days of histological pathology. which had such an 
impetus in the ’fifties and which Sir James, Paget in this country, the 
pupils of Johannes Miiller in Germany, and Hermann Lebert, a disciple 
of Dupuytren, in Paris, had done so much to advance, it was customary 
to give descriptive designations to tumours. In 1854, in his celebrated 
lectures on surgical pathology, Paget confessed his inability satisfac- 
torily to classify the large group of tumours “less malignant than 
cancer,” to which Lebert had given the name tumeurs fibro-plastiques. 


! The Cavendish Lecture, delivered before the West London Medico-Ohirurgioal Society, 
June 13, 1922, 


THE MENINGIOMAS (DURAL ENDOTHELIOMAS) 283 


He suggested the term myeloid or “ marrow-like.”! Billroth in 1856 
gave the name cylindroma to a growth of the orbit which showed a 
peculiar tubular form of hyaline deposition, and at about the same time 
another term, still in common use for certain growths in which so- 
called ‘‘ brain-sand " abounds, was first employed by Virchow. Не had 
been among the first to call attention to the calcareous granules which, 
unrelated to any tumour growth, are found deposited in various situa- 
tions in the cerebral appendages and meningeal envelopes. Though 
uncertain of their nature and origin, on finding these “ sand-bodies ” 
prevalent in two small dural tumours which had come to his attention, 
one arising from the olfactory groove and the other from the porus 
acusticus, he named them psammoma.* 

Thus, names which are merely descriptive of degenerative processes 
of common occurrence in the tumours in question have since come to 
be widely employed. 

At about this time there was a tendency among French writers, 
notably by Bouchard (1864), and by Robin [21], to substitute 
epithelioma for Lebert’s “tumeur fibro-plastique,” and when one 
considers that Robin was employing the current terminology for the 
lining of the serous spaces and vessels, and that he regarded the cells 
of the arachnoid as the source of origin of the growths, he deserves due 
credit for his views. This, however, was brushed aside by the greater 
authority of Rudolph Virchow. 

In his classical “ Vorlesungen ” [23], though making some excep- 
tions in regard to the psammomas, Virchow incorporated the tumours 
in question under the term Sarkome der Dura mater, and they continue 
for the most part to be soclassified. However, in spite of their tendency 
to invade or absorb the bone, it came to be recognized that they were 
benign lesions of a peculiar histogenesis for which the designation 
sarcoma was inappropriate and misleading, and by the ‘seventies this, 
in its turn, had begun to be qualified. Accordingly, such terms as 


1 То his celebrated “Anatomie Pathologique Générale,” Paris, 1857 and 1861, Lebert describes 
and pictures as fibro-plastic tumours of the dura a few examples of these lesions, and in his 
“Surgical Pathology,” Paget cites a most extraordinary example of a myeloid tumour which 
must have been a widespread bilateral and parasagittal meningioma with extensive hyper- 
ostosis cranel. The preparation is still in the Museum of St. Bartholomew’s Hospital, 


2 Virchow came to regret the introduction (1859) of this term, because of its misuse by 
others. In a later article [24] he expressly states that an epithelial or endothelial tumour 
containing concrements is not a psammoma, that true psammomas have a connective tissue 
groundwork. This statement merely added to the existing confusion, though 16 18 fair to say 
that psammoma bodies are apt to be more numerous 1n the older and more fibrous forms of 
meningeal tumours. 
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' alveolar sarcoma came into use, and in France Cornil with Ranvier 
substituted sarcome angiolitique for Virchow’s psammoma. But the 
' term, ‘sarcoma, however qualified, could not permanently survive the 
changing terminology of the embryologists. 

Camillo Golgi, in an important article published in 1869 [14], 
called attention to the existing confusion in regard to these tumours. 
He had an opportunity to study two specimens, one of which was & 
typical tumour of the ethmoid region, which had come to light at. 
autopsy in the hospital at Pavia, and he was the first to suggest the term 
endothelioma out of consideration for the employment by His of the 
word endothelium as opposed to epithelium. Thus, the simple term 
endothelioma was introduced in Italy, whence it has gradually made 
‘its way into other countries, but, unfortunately, even in the country of 
its birth, cumbersome word-combinations soon became attached to it. 
Bizzozero and Bozzolo [4], for example, soon subdivided the dural 
endotheliomas into three types, as sarcoma endothelioides alveolare, 
sarcoma  endothelioides fasciculatum, and fibroma endothelioides, 
according to the manner in which the connective tissue elements 
behave in their relation to the endothelial cell nests, and whether 
. endothelial or fibroblastic elements predominate. In this fashion, 
during the fifty years which have since passed, pathologists have vied 
with one another in modifying and extending the qualification “ endo- 
‘thelial” to a wide range of tumours in a great variety of situations, 
in bone, thyroid, parotid, ovary, and elsewhere, into peritheliomas, 
hæmangio- and lymphangio-endotheliomas, and so on, with such hair- 
splitting refinements as to produce histological chaos. 

In consequence of all this, the striking and characteristic intra- 

cranial growths we are considering, to which many of these names 
"were first attached, have become so obscured by a multiplicity of 
designations that it is highly desirable to rescue and to re-assemble 
them under some simple caption. For this, Golgi’s term, which has in 
later days gradually come to prevail, might suffice; but even this is 
now of questionable advantage, for it, seems quite probable that, though 
attached to the dura, the tumours do not arise from this membrane 
proper, but rather from elements of the arachnoid which project into 
it; nor are they, in the parlance of some embryologists, tumours which, 
strictly speaking, actually originate from what are to be considered 
endothelial elements. ‘ 

Not everyone has adopted Minot’s “mesothelium” even for the 
cells lining the serous cavities, and it is quite evident that he had no 
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intention of including the meningeal spaces in this category, as some 
appear to have taken for granted. However, should the term be thus 
extended, and many anatomists so employ it, arachnotdeal meso- 
theliomas would be the proper name for these tumours. But even if 
-correct, this designation is too cumbersome for convenience, and 16 
would seem best to sweep all these terms aside and adopt a label which 
is simple, and at the same time non-committal, except in so far as it 
indicates that the growths in question arise from the meninges. For 
this purpose the term meningothelioma was first proposed, but it has, 
on further consideration,’ been shortened to. meningioma. This word, 
consequently, will be used to indicate the entire group of tumours 
which appear, to arise from the pachymeninx, whether mesothelial or 
fibrous elements predominate; whether the overlying bone shows 
hyperostosis or is unchanged; whether the growth is pedunculated or 
flat and widespread, and regardless of the degenerative changes and the * 
presence or otherwise of psammoma granules. 

These tumours, the meningiomas, have, as we shall see, favourite 
seats of origin and, though’ they may differ considerably in their 
histological picture, they are, as a rule, easily recognizable not only by 
their gross appearance but*because of the fact that the stalk from 
which in their simpler form they seem to arise is so intimately incor- 
porated with the dura that they appear to originate from it? 


\ 


1 A note regarding the derivation of ** thelium ” and its combinations may not be amuss, and 
for the basis of what follows I am indebted to my colleague Frederick T. Lewis, The {епп 
epithelas (from éxl,= upon; ehàn = the nipple) appears to have been introduced by Ruysob 
early in the eighteenth century, and was first used for that transitional part of the epiderm 
at the lips and nipple—though in time “ epithelium ” came to be generally used not only for 
the two peripheral germ layers but for the lining of the serous and vascular spaces as well. 
In 1865 the word endothelium was first used by His as a designation for the lining membrano 
of these cavities arising from mesenchymal cells within the middle germ layer, and the term 
has come into general use not only for blood-vessels and lymphatics but all serous cavities as 
well. Kolliker in 1882 had used the term mesepsthelium for the lining of the body cavities 
and urogenital epithelium, reserving the term endothelium for the vessels, synovial cavities, 
meninges, and so on; and to the same tissues Minot a few years later gave the namo 
mesothelium. All three terms, ept-, endo-, and mesothelsum, would appear to be unfortunate 
in view of their derivation in part from hàn, but they, nevertheless, have come to convey 
an idea. 


2 There are a few tumours which possibly are allied to the meningiomas, but which bave 
no dural connection: they appear to arise from the pia. They are rare tumours of an 
angiomatous nature, whereas those under disoussion are relatively non-vascular. Another 
still more rare tumour (particularly so in man) is the so-called cholesteatoma of the choroid 
plexus. It 18 actually an endothelioma with extensive psammoma deposit, and 18 often 
bilateral. 
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INCIDENCE. 
Some years ago all of the material relating to the several menin- 
giomas, intraspinal as well as intracranial, then included in my tumour 
series, was gathered with the intent of publishing in detail our clinical 
and operative experiences with these interesting lesions. This project, 
however, was interrupted by the discovery that the acoustic tumours 
(neurinomas of Verocay), which in several instances had been diagnosed 
as fibro-endotheliomas, were distinctive tumours of an entirely different 
order. The ''endotheliomas " were consequently dropped for the time 

being, in order to make a more thorough study of the tumours originat- 
ing from the eighth cranial nerve, commonly described, in view of their 
location, as tumours of the cerebello-pontile angle. 

In a monograph ultimately published on the subject of the acoustic 
tumours [8] it was pointed out that these lesions when bilateral are not 
infrequently accompanied by multiple small meningeal endotheliomas, 
so that tumours of these two types (neurinoma and meningioma) are in 
certain respects related. Nevertheless, it is far more usual for one or 
the other to occur in isolated form, and until something more is learned 
of a common ætiological factor it is тае bast to’ consider them 
apart and as distinctive lesions. 

The time has long since passed when we could hope to advance our 
knowledge of intracranial tumours to any great extent by considering 
them as a whole. Even their mechanical or pressure effects, which 

, might be expected to be more or less similar in all cases because of the 
rigid character of the bony chamber within which they arise, differ 
widely, and it is notably true of these meningiomas that they may 
attain a huge size without giving rise to any of the so-called cardinal 
symptoms of tumour, notably headaches and objective changes in the 
eye-grounds. 

Intracranial tumours, indeed, are so protean in form; they behave 
in such different ways; they provoke such varied clinical pictures; and 
the proper method of dealing with many of them, even when they are 
exposed by an operation, is in many cases still so problematical, that 
our only hope for progress is to particularize on certain groups of cases. 

There are three ways in which a large material such as is before us 
may be profitably attacked. We may (1) concentrate our attention 
upon tumours of certain histogenetic types whatever their situation; 
(2) we may study tumours of all types in a given situation; or (3) what 
is perhaps better still, we may restrict our analysis, as was done with 
the acoustic tumours, to tumours of a single type in a given situation. 
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: рд so far as possible intact ; the accomipanying figure (fig. 10) in 


© which the relation of the protrusions to the branches of the vasa 
) meningea media is apparent, gives an illustration of their distribution 


over the convexity. 


Fig. 10.—Showing multiple herniations, projecting through the dura over the left 
hemisphere, produced by pressure due to. à large suprasellar endothelioma, 


/ETIOLOGY. 


00 Why should these cell-clusters in the arachnoid have a tendency in 
рае life to undergo tumefaction ? An answer to this question, owing 
to the many and wide gaps in our knowledge, must be essentially 
© speculative. However, some approach to it can be made. As in other 
"tumours, the more obvious factors are age, congenital predisposition, 
- trauma and physiological activity. Schmidt's original observation that 
| the cell-clusters are absent or difficult to demonstrate in infancy and 
‘become more pronounced with increasing age, has been confirmed by 
others. In this connection the age of the ninety-seyen patients with 
» meningiomas, as recorded at the time of their admission to hospital, fall 
hin the successive decades as follows :— 
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Mere diagnostic overs ght, he ever, cannot alone explain the pre- 
dominance of anterior lesions for notably in the posterior fossa under 
the tentorium, whe ocalizatio 1 should be easy, meningiomas are 
particularly rare. This is t also, of the growths. involving the 

11 lobe, of whic se \ > have been only three in the series, 
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whereas on the other hand the extraordinary prevalence of tamours 

which take their origin from the meninges of the suprasellar region 
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several clinical groups. These may deserve a brief mention. 
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small fragment of tissue and, except in one instance where a small, 
easily dislodged tumour was found, no attempt has been made to 
extirpate them. Consequently, except for the two cases encountered at 
autopsy, both of which show a remarkable similarity, the exact 
delimitations of the areas of attachment are somewhat conjectural.’ 

(4) Tumours arising from the olfactory groove of the ethmoid.—In 
Cruveilhier’s plate one of these characteristic growths 1s pictured, and 
the later literature contains reports of many others in the same situa- 
tion. Though more anterior than those just referred to as suprasellar, 
the growths have very much the same appearance. They are exceed- 
ingly difficult to diagnose. Occasionally a fortunate stereoscopic X-ray 
may show some local bone absorption and unexpectedly reveal the 
situation of the lesion, but otherwise there may be nothing more than 
some obscure mental derangement possibly with anosmia until the 
growth extending backward reaches a sufficient size to press upon one 
or both optic nerves. The tumour may be median and separate the 
two frontal lobes widely, or, if unilateral as in the single'case in the 
series in which a total extirpation was successfully accomplished, it may 
press upon the homolateral optic nerve and give a primary atrophy, 
whereas the opposite eye shows a choked disc. 

(5) Sphenoidal ridge tumours.—The growths which lie astride the 
sphenoidal ridge, with a portion of the tumour resting on the orbital 
plate under the frontal lobe and a portion in the middle fossa indenting 
the temporal lobe, are fairly common and characteristic. Most of them 
have been unexpected findings, though one or two have been recognized 
because of an absorption of the sphenoidal ridge shown by an antero- 
posterior róntgenogram. They may cause uncinate seizures and not 
infrequently encroach on the side of the chiasma and produce an 
homonymous hemianopsia. 

(6) Sylvian cleft tumours (temporo-frontal).—These are, on the 
whole, similar to the above and doubtless arises from the same sinus, 
but they lie sufficiently far lateralwards to be brought into view by a 
subtemporal decompression. Two of them which gave no localizing 
symptoms were unexpectedly disclosed in this way and were subse- 
quently removed by an osteoplastic exposure. In this region, too, for 
some unexplained reason, the tumours en plague are common, and as 
these meningiomas are apt to provoke hyperostosis and cause a palpable 
thickemng of bone at the temporo-sphenoidal junction, they are easily 


1 One of these cases was fully recorded because of its pituitary manifestations in my 
monograph, ‘The Pituitary Body and its Disorders,” 1912, Oasa No, viii, pp. 63-72. 
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, recognized through this indication of their presence, as well as' by the 


marked exophthalmos which occurs. if -the hyperostosis involves the outer 
orbital wall. ` 

(7) Tumours of the converities—These, twenty-eight in number, 
naturally represent a large proportion of any surgical series. They are 
not only easily accessible, but when they encroach on the sensori-motor 
‘cortex, characteristic and well-known symptoms of definitely localizing — 
value are often produced. For this reason, small surface meningiomas 
which cause Jacksonian seizures followed in time by palsy not uncom- 
' monly fall to the lot of the general surgeon. 

The tumours arise from arachnoid cell-clusters in connection with 
the spheno-parietal sinus and the vasa meninges media. They may be 
subdivided into temporal, frontal, paracentral, parietal and occipital 
tumours, and the diagrams show that in spreading up from the last 
described group which centres around the Sylvian notch, they dispose 
themselves in some correspondence with the fan-shaped distribution of 
“the sinusoidal veins of the dura. They predominate over the frontal 
` areas and their points of origin may be found even as far forward as the 
tip of the lobe, The series contains no examples of tumours arising 
` «over the posterior surfaces of the hemispheres except those which take 
origin from the major sinuses. They are included in the following 
groups :— 

(8) The parasagittal meningiomas.— These, in a way, are the most 
interesting and characteristic of all. The case (No. 15) selected as 
a text for this lecture was of this type, and the series contains twenty- 
' six other examples. ‘The tumours arise from the wall of the sinus or 
its lateral expansion, and are apt to have some attachment to the 
surface of the falx as well Consequently, as the growth enlarges, the 
mesial edge of the hemisphere gets pushed away to a greater or less 
extent from the parasagittal angle. | 

When a parasagittal tumour is surmounted by a dome of hyper- 
ostosis, its situation and identity are easily recognized. Also when 
Jacksonian seizures originating in a foot are followed in the course 
of years by & spastic paralysis which begins in the corresponding leg, 
one may feel reasonably assured that a parasagittal meningioma will be 
disclosed at operation, provided the mesial edge of the hemisphere can 
be brought into view. 

” When, on the other Hand, the parasagittal tumours arise well in 
front of the motor cortex or, what is less common, posterior to it, they 
may be exceedingly difficult to localize by symptoms alone. An example 
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of this has already been cited in connection with Case 27 (fig. 17). 
There have been only two tumours in the series deforming exclusively the 
occipital lobe. One of them (No. 69, figs. 15-16), a parasagittal tumour 
originating near the tentorial angle, was successfully enucleated with 
perfect recovery. The other, a huge 200-grm. tumour not represented 
in the diagram as its point of origin remains obscure, was incompletely 
removed, and there was a continuance of the growth with fatality at 
& secondary operation some years later. 

(9) The meningiomas of the falz.—No mid-line diagrams permitting 
the representation of these tumours have been made, for the series con- 
tains only two examples. Both of them were large tumours of almost 
spherical form, withthe smallest possible area of attachment at the lower 
margin of the falx. Their presence in each case was identified by 
exploratory punctures, and both were removed by transcortical incisions 
with death in one case and recovery in the other. 

This I cannot believe represents fully the true percentage of tumours 
originating from the sides of the falx, for bony plaques and endothelio- 
matous patches, as is well known, are not uncommonly found there in 
the ordinary run of post-mortem examinations on old people. 

(10) Tumours of the sinus transversus and sigmoideus.— The series 
contains only two supra-tentorial tumours of this origin (Nos. 62 and 
23, fig. 15). One which gave no localizing symptoms was first unex- 
pectedly exposed during a right subtemporal decompressive operation. 
Its comparatively small attachment correspgnded to the knee of the 
sigmoid sinus. One other (No. 23) was farther posterior, a large tumour 
which had caused a hemianopsia. 

On the other hand, there have been five subtentorial tumours giving 
a cerebellar syndrome. All of them arose from the lower wall of the 
transverse sinus, and all were successfully removed at operation. I 
confess to some surprise that these growths are not more common in 
this situation, in view of the abundance of arachnoid villi which project 
into the subtentorial wall of this sinus and which all surgeons familiar 
with cerebellar explorations have been accustomed to observe. 


These, then, are the chief topographical subdivisions into which the 
tumours have been tentatively grouped for clinical purposes. Doubtless 
some far better regional classification will be made as the particular 
symptom-complex called forth by a growth in these several regions 
comes to be more clearly understood. Certain of them, like the para- 
sagittal tumours which impinge on the motor cortex, can with a fair 
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degree of diagnostic accuracy be foretold before operation, but in the 
absence of an accompanying hyperostosis most of the others are as yet 
chance findings in the course of an exploration, though a long history 
of slowly advancing trouble may make one suspect the presence of a 
meningioma. 

I hope some day, using this lecture as a basis, to give the detailed 
report of the individual cases in this series with their triumphs as well 
as their tragedies. Our experience may be summarized as follows: (1) 
A, few of these tumours have been accidental post-mortem findings 
in patients in whom brain tumour was unsuspected; (2) three of them 
have been late post-mortem findings in patients who had been operated 
upon some years before for presumed tumour, but as this procedure 
revealed neither tumour nor tension the cases had been variously 
diagnosed as some condition other than tumour; (3) in some of the 
cases (possibly ten) the growth, which produced no localizing symptoms, 
was accidentally disclosed during the course of a subtemporal decom- 
pression ; (4) in the majority of the cases the presence of a tumour was 
obvious and its location definite, but there is no pre-operative statement 
in the case history to show that its nature was anticipated; (5) in a few 
of the operated cases not only was the location of the tumour evident, 
but a presumptive diagnosis was made of its character. This, of 
course, applies to all tumours with hyperostosis, as well as to several 
trigeminal, suprasellar and parasagittal lesions without osseous changes. 
Naturally, if one makes a diagnosis of meningioma in all patients 
with symptoms of brain tumour, he will be correct in about 10 per 
cent. of his cases, but we should aspire to something far better than 
this low figure | 

The foregoing rough subdivision is made in order to encourage others 
and to spur ourselves in an effort to enlarge the percentage of cases 
falling in the last group. Certainly, with our present knowledge of 
these lesions we should to-day with a corresponding group of cases be 
able to make a correct pre-operative diagnosis in at least half of them. 
Small tumours such as those described by Schmidt as accidental post- 
mortem findings give no recognizable symptoms and have no surgical 
bearing unless they happen to impinge upon some important cortical 
area and provoke Jacksonian seizures. But the larger tumours, even 
when in silent areas, ought to be capable of recognition if chronology 
and duration of symptoms, age of patient, extracranial circulatory signs 
and the frequent hyperostoses are taken into account. Accordingly, it 
should be possible in an ever increasing percentage of cases to foretell 
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not only the situation of the growth, but to anticipate its character as 
well. This, in an operation so elaborate as one for brain tumour, is an 
enormous advantage. ; 

There is no gainsaying that despite the enucleability of these 
tumours when they are easily accessible the operations are often 
attended with great hazard, and more often than in the case of other 
tumours this must be done in two or even three sessions. One reason 
for this is that before its presence has been even suspected, the growth 
may have attained a large size, and by venous stasis have greatly 
increased the vascularity of scalp and bone. 

There is to-day nothing in the whole realm of surgery more grati- 
fying than the successful removal of a meningioma with subsequent 
perfect functional recovery, especially should a correct pathological 
diagnosis have been previously made. The difficulties are admittedly 
great, sometimes insurmountable, and though the disappointments still 
are many, another generation of neurological surgeons will unquestion- 
ably see them largely overcome. ` 
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The Mechanism of the Brain and the Function of the Frontal Lobes 
By Professor Lzonarpo BrawcHi. Authorized translation from 
the Italian by James H. Macdonald. Pp. 384. Edinburgh. 
E. and 8. Livingstone. 1922. Price 21s. net. 


Professor’s Bianchi's views on the functions of the frontal lobe are based | 
on numerous experiments on the brains of animals, chiefly monkeys, canied 
out over a long period of time. Interpreting the results of these experiments 
in the light of his study of the evolution and structure of the frontal lobes and 
of the pathways connecting them with the rest of the brain, as well as the 
various doctrines of neuro-physiology to which that study gives rise, Bianchi 
is convinced that in man these lobes are specially concerned in the synthesis 
and elaboration of the higher intellectual and sentimental processes, and all tbe 
various attributes of sociality. They play a most important part, he holds, in 
the formation of the psychic personality, and the development of the powers 
of conscious volisional behaviour. | 

Professor Bianchi divides the cerebral cortex into two main evolutionary 
levels, the postfrontal motor and sensory areas, and a prefrontal area that is 
neither motor nor sensory; he also postulates two grades of psychic activity, 
a “lower” anda " higher" consciousness, resulting from the activity of these 
two levels. Inthe lower or postfrontal consciousness, only the simplest mental 
constructions obtain; life is centred around sensations, desires, and instincts ; 
conduct is impulsive and egoistic, and tends to the immediate. satisfaction of 
individual needs only. In the higher or prefrontal consciousness, reason and 
all the potentialities of thought come into play; and impulses become subject 
to voluntary inhibition and control and are influenced by factors arising from 
the development of the more lofty sentiments and the higher social tendencies 
and obligations. When Bianchi speaks of the higher consciousness as pro- 
frontal he does so only in the sense that it is the prefrontal area of the cortex 
that contributes to it its most weighty factors. Its centre of centres is in the 
prefrontal area, but it is necessarily open, he maintains, to currents from all 
parts of the cerebral mantle, and it thus comes to form with the lower con- 
sciousness à wide network of ideas and experiences which embrace the products 
of all the cortical centres. That power of starting, directing, evoking and 
selecting the nervous currents, possessed in a minor degree by all the cell-groups 
of the cortex, belongs in supreme part to the prefrontal area. In Bianchi's 
view, therefore, the frontal lobes are the sesbfof the final synthesis and fusion 
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of the incoming and outgoing products of the several sensory and motor areas 
of the brain. : ` 

The work of the brain, as a whole, is carried on by processes occurring in 
different levels of physiological complexity, the later and more highly evolved 
areas assimilating, synthesizing, and modifying the products of other lower 
subsidiary levels, and in dealing with the highly complex psychical end-products . 
of prefrontal synthesis. Bianchi sees no reason for treating them differently 
from the other produots of cerebral activity of a more physical character, or 
thinking thet their governance is by laws in any essential way different from 
those that obtain in the more purely physiological sphere. He discusses the 


- results of frontal lobe activity, therefore, wholly as biological products, not as 


spiritualistic or metaphysical abstractions, and in doing so‘ necessarily lays the 
greatest stress on the multitudinous combinations of innumerable lesser grade 
compounds in their final elaboration. What it involved in the last analysis, in 
the psychic transmutation or “ mentalization ” of matter, may be still open to 
conjecture, but even here Bianchi offers some suggestive speculations in regard 
to the light which the study of the behaviour of electrons may throw on the 
subject. . 

^ Professor Bianchi’s opinions concerning the function and relationship of 
the different parts of the brain, founded as they are on the results of extensive 
experimental investigations, must command our respect, while his careful 
attempt to evaluate psychic phenomena on a biological basis affords us no 
slight glimpse into the mechanism of the brain’s activity, and serves as a 


. stimulating corrective to those aspects of psychological thought which tend to 


divorce mental processes from their physical substratam. His insistence too, 
at the end of his book, on the primary importance of rightly trained, conscious 


. intention and intelligence. in the conduct of the practical affairs of life is 
especially valuable at a time when, too often, the “urge” of the unconscious 


is apt to be used as an excuse for the lack of that self-control and sense of 
responsibility, for the cultivation of which he pleads. He expresses “ grave 
doubts ” indeed, of the automatism of the unconscious, apart from any directive 
: effect due to the action of the conscious will. ` 
A word in conclusion must be said about the translation of this book. Dr. 
Macdonald has done this in a way that cannot be too highly praised, and has 
given us a scholarly English version, in all respects worthy of its distinguished 
- author. 


Questions neurologiques d'actualité. Рр. 551. Paris: Masson et Cie. 
1992. Price 28 francs. | 


' In this volume there are collected together twenty lectures on neurological 
subjects of special interest delivered before the Faculté de Médecine de Paris 
in 1921. Each of the lecturers was free to choose the subject that appeared 
to him of most importance at the moment, and each subject selected has been 
consequently dealt with by one capable of placing before his audience views of 
an authoritative and reliable nature. | 
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In most cases the aim of the lecturer has evidently been to put forward 
the observations and opinions on his subject that appeared at the moment 
most trustworthy rather than his own personal views, but many of the articles 
show evidence of original investigation and research. In some instances, 
however, the lectures are based on the original investigations of the authors, 
this is particularly so in Kinnier Wilson’s contribution on the pathogenesis 
and pathological physiology of progressive lenticular degeneration, and in 
Pierre Marie's discussion of the question whether preformed and innate 
centres for speech exist in man. In both ‘of these, as well as in Claude s 
paper on intracranial hypertension and serous meningitis and in Lhermitte's' 
on lethargic encephalitis, in which the subject matter consists mainly of 
original work already published, we are fortunately provided with the views 
these neurologists hold to-day after reviewing their earlier work in the hght of 
further experience and criticism. A few of the lectures on the other band 
merely represent the ordinary teaching of the day, without any analysis or 
critical selection of facts and hypotheses. 

There are, however, few of these lectures which will not repay perusal by 
any neurologist, and all will be valuable to the general physician and even to 
those specialists who are unable to keep pace with the neurological literature. 

The only serious fault that can be found with the volume is absence in 
almost all the articles of bibliographic references to the work of others which 
is cited. 


Report of the War Office Committee of Enquiry into ‘ Shell Shock." 
H.M. Stationery Office. 1922. Price 6s., 


The reference to the Committee was to collate the expert knowledge derived 
by the Naval and Military Authorities and the medical profession from the 
“experience of the war with a view to recording for future use the ascertained 
facts as to the origin, nature and remedial treatment of “ shell shock,” and as 
to whether by military training or education some scientific method of guarding 
against its occurrence could not be devised. 

In a brief note on this report, it is scarcely necessary to enter into a con- 
sideration of the more purely military aspect of this subject, but a summary 
of the medical findings may not be without interest. 

It was agreed that “shell shock” had been a gross and costly misnomer, 
and that the term should be eliminated from the nomenclature The war 
produced no new nervous disorders, all those which occurred had previously 
been recognized in civilian practice. Owing to the special circumstances of the 
war these disorders appeared in some cases in an aggravated form, and the 
. numbers suffering from them were very large. 

The cases divided themselves into three main groups: genuine concussion 
without visible wound; emotional shock, either acute or developing slowly as 
a result of prolonged strain and terrifying experience, the final breakdown being 


‚320 NOTICES OF RECENT PUBLICATIONS 


‘sometimes brought about by some relatively trivial cause; and nervous and 
"mental exhaustion the result of prolonged strain and hardship. In many 
cases, however, the three factors of commotional and emotional shock and 
exhaustion were combined in varying proportions. 
Many points of interest have been brought to light and the verbatim 
. evidence of witnesses is by no means the least instructive part of the report. 
ı Here will be observed personal experiences bearing upon the psychology of 
fear, upon cowardice, upon malingering, upon the influence of war stress in the 
production of insanity, and valuable recommendations upon the prevention of 
“ “ shell shock." 
: The treatment of the neuroses observed in soldiers is considered in detail, 
and the several forms of psychotherapy are commented upon with fairness and 
' discretion. 
The report may have a much wider significance than was intended when 
` the idea: of an inquiry was broached, as 16 deals with psychological problems 
which are not confined to war conditions. 


Remembering and Forgetting. By T. H. Pear. Methuen. Price 7s. 6d. 
ai The analysis of dreams has been described as the royal road to the under- 
standing of the unconscious. If we broaden the issue by substifuting memory 
for dreams we will find that it becomes the nuclear problem of modern 
psychology, the full appreciation of which can only be obtained by the analysis 
of Memory and Forgetting. ‘ 
» This 1з the task that Professor Pear has undertaken in his book, designed 
primarily for the interested layman and the medical man who is interested in 
the psychological problems of medicine. 

Being engaged in the elucidation of the experimental and theoretical 
problems of normal psychology, Professor Pear has not approached the subject 
in the manner of the psycho-analyst—that, is by plunging directly into the 
concrete details of the mental life—but begins by an analysis of memory 
processes from their genesis: at the perceptional level, to the formation of after- 
sensations ; thence to visual, auditory and kinesthetic imagery, and ultimately 
to the formation of generic images upon which our ideas are based. This 
prepares the way for a consideration of the dream-life. The Freudian 
conception is fully considered, as well as the additions to it made by Rivers. 
He ends his analysis by a chapter on forgetting, which in the light of modern 
theory is the justification of all the preceding chapters. 

There are one or two features of the author's method which make his 
treatment of the subject somewhat insufficient. Firstly, his own annoying 
visual imagery makes the subject appear easier tnan it actually is, although he 
does not fail to emphasize the importance of kinæsthetie imagery; and 
secondly the insufficient stress laid in the earlier chapters on dreams on the 
affective tone of the memories in dreams. 
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The two essays on synesthesia gnd number forms are important for the 
psychology of imagery, and have an indirect bearing on the subject of 
remembering. 

- The whole book would well repay reading even to those engaged in applied 
psychology, for it deals with the theoretical basis of memory. It is written in 
a clear and succinct style. 


` Suggestion and Mental Analysis. By WicziaM Brown. Рр. 165. 
University of London Press. 1922. Price 8s. 6d. 


The author is of the opinion that the two main forms of psychotherapy, 
that is suggestion and mental analysis, are not mutually exclusive as the 
extreme partisans of each system maintain.’ The aim of this small book is to 
give an elementary and non-technical account of their relations to one another, 
and to show that by harmonizing them as far as possible a sound system of 
psychotherapy can be built up. 

The earlier chapters form a concise and in the main а sufficient introduction 
to the subject for the layman and non-specialist for whom the book is written, 
while the last three deal chiefly with Bergson’s philosophy and the relation it 
bears to the author's own views. 

Though written in a simple and clear style the book lacks the cohesion so 
necessary in an elementary text-book. 


м 


r 


Writers of “Original Articles and Clinical Cases” are supplied free of charge 
with: BO copies reprinted in the form in which the paper stands in the,pages of 
“Brain.” If reprints are required in pamphlet form, with wrapper, title-page, 
&c., and re-numbered pages, they must be ordered, at the expense of the writers, 
from Messrs. BALE, SONS & DANIELSSON, Ltd., 83-91, Great Titchfield Street, 


London, W. 


‘Members of the Neurological Section of the Royal Society of Medicine can 
‘obtain the Index of “Brain” for the Volumes | to XXIII inclusive, that is, from 
its commencement to the end of 1900, from Messrs. MACMILLAN & CO. Ltd., 
St. Martin's Street, London, W.C., at the price of 6s. 6d., post free. Ы 


To those who аге not members of the Neurological Section of the Royal 
Society of Medicine the price is 8s. 6d. net, and the vclume may be obtained 


through any bookseller. 
a EDITOR. 





73 О.Н. M., a pastrycook by pation, was admitted to the National Hospital, 
Y Queen Square, under Dr. Hug ings Jackson on May 15, 1893. He wasiat 
this time 23 years of age and:had previously been under Dr. Jackson's care at 
the London Hospital. He said that four and a half years before admission he 
had experienced pain in the right occipital region, with numbness in the arms, 
Three months later there developed squinting of the right eye and diplopia, and 
_ a few days later there was numbness of the right side of the ‘face and complete 
loss of sensation here which lasted for a fortnight. This, he said, had since 
practically cleared up. Four days after experiencing numbness of the face he 
noticed that the right side of the face was motionless, and he stated his articula- 
tion was indistinet and the tongue on protrusion went to the right. For the 
last four months before admission the occipital pain had been worse, and there 
was tingling and loss of feeling down the right arm and leg. o 


| 
* 


Fig, 1.—Case I. Patient in 1893. "Fic. 2.—Case I. ^ Patient in 1915. | 


There was nothing of significance in his family history or in his personal 
history. He had had no serious illness and he denied venereal disease, 

On admission he was found to have a marked right internal strabismus due 

to complete paralysis of the right sixth nerve. There was also complete facial 

paralysis on the same side and the tongue protruded to the right. The right 
side of the tongue was much wasted, and although the temporal and masseter 
muscles on both sides' were strong and active, the jaw dropped to the left when 
the mouth was widely opened. : There was a good deal of wasting about the 
shoulders, more marked or “^a right side, and although the trapezius and other 





lly sente | in the accompanyin, 
seems called for. (Figs. 3A, B and C.) ae 
‘The diagnosis. in this case was not difficult, and although at that ti 
893— we ere not very familiar with syringomyelia, € there was 
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out until forty-eight hours after death the sections of the M a were not as 
good as they might have been had it been possible to make the examination 
earlier. It will be seen that the examination confirmed the diagnosis. 


CASE 1.—PATHOLOGICAL EXAMINATION, 


The brain and cord were fixed directly in Miiller’s fluid, where they 
remained for over a year. In consequence of this, permanent flexures had 
taken place at some segments of the cord and' the tissue was rather brittle, 
so that it was impossible to avoid some distortion of the sections. Thé 
chief characteristics of the cord at each level could, however, be made out 
fairly well. 


7 / 
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Fig. 44.—Medulla near the lower end of the fourth ventricle. f., Mesial fillet ; 
L., lateral extension of the cavity. 


. 

The process of gliosis and cavitation extended from \the lower half of the 
medulla to the lower half of the dorsal region of the corkl. For the most part 
the cavity occupied only a small area of the centre df the cord, but was 
surrounded by a relatively wide zone of gliosis, in which myelinated fibres 
were absent. 

No abnormality was found at a higher level than the ytpper part of the pons, 
but the iter of Sylvius was T-shaped, with a ventral andl two lateral prolonga- 
‘tions. The ventral one extended between the oculo-ngotor nuclei, but did 
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ihe lateral slit a leash. of myelinated. fibres could be see! 

as nothing corresponding on the left. side. i 
his leyel and extending downwards through the medulla fo 

ce, there was a gross atrophy of the cells in the ventral porti 

nferior olive, and, associated with this, a loss of the olivo-cerebe 

mg in them. An examination of sections at the highest level at w 

xisted disclosed a small Y-shaped cavity. «Its longest limb 
amidal tract and the olive; one of the shorter limbs 

and mesialwards through the pyramidal tract, and the otl er dorsalwards 

ween the olive and the mesial fillet (fig. 48), From the walls of this cavity |. 

extended into the een tissues, chiefly along the hilus of. the 








Left, 


Fic. 5.—Medulla at the level of the tip of the calamus seriptorit 
solitarii; f., mesial fillets; L., lateral gliosis. 





Fig. 6. = Oord at first cervical segment. d.m.f.. Dorsal med 
v.m.f., ventral median fissure. 
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nterrupted by the gliosis and cavitation which lay between the fillet and the 
live, and that their cells of origin had consequently undergone a retrograde 
legeneration. 

Spinal Cord.—In the uppermost cervical sections (fig. 6), the central canal 
was represented by a solid cluster of ependymal cells. Aréas of gliosis 
were present on the left side of it and behind it in the ventral part of the 
dorso-median septum, From the latter area a cavity extended along the 
lorso-mesial aspect of the right dorsal horn, the nerve cells in which were 
nuch less numerous than on the left side. From the ventro-mesial end of this 
cavity an area of gliosis ran a short way into the ventral part of the column of 
Burdach. 





Fic. 7.— Third cervical segment of cord. v.H., ventral horns. 


At a rather lower level (fig. 7), the cavitation had extended through both 
тез! horns and the grey commissure, occupying the situation of the central 
сапа], of which no trace could be seen. At this level the walls of the cavity 
were lined with a definite layer of gliosis, which varied in thickness and, as in 
the higher sections, spread into the ventral parts of the column of Goll and 
the right column of Burdach. At the level of the seventh cervical segment the 
cavity had spread forward to reach the ventral median fissure, and laterally 
to the bases of both ventral horns. Extensions ran backwards a short distance 
down the left dorsal horn, and down the outside of the right dorsal horn 
almost to the margin of the cord. The wedges of gliosis which were seen at 
higher levels extending between the columns of Goll and into the right column 
of Burdach were still evident at this level, the lateral wedge being rather larger 
than it was above. Except for these wedges, the glial lining surrounded the 
cavity fairly regularly, and had a sharply marked outer border. The cavity 
itself was lined over a considerable part of its walls by a definite layer of 
fibrous tissue, which was continuous with the pia mater of the ventral median 
fissure. Many thick-walled blood-vessels lay, apparently free, within the 
cavity; the lumen of some of these was completely occluded, but in others 
"red blood corpuscles could be seen. 
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The gliosis round the central cavity was, however, still more ) 
at the level of C 8 (fig. 8). Here it assumed a modified trefoil appe 
and corresponded closely to the shape and extent of the central canal 
lumbar cord in Case II (fig. 22). It extended from the yentral median 
laterally to the bases of both ventral horns, and dorsally a short distance: 
the dorsal median septum; the lateral areas of gliosis were club-shape 
their outer ends swollen and rounded. Its outer border, that is the 
which myelinated fibres appeared, was everywhere clear cut and regula) 





Fic, 8.—Cord at Sth cervical segment. D.M.S., Dorsal median septum; 
V.M.F., ventral median fissure, 


Throughout the cervical region of the cord the nerve roots, both vent 
dorsal, were well myelinated and appeared to be of norma! thickness. 
was no gross atrophy of tracts apart from the areas of gliosis already des 
but the left ventro-lateral column stained rather less deeply than thi 

In the upper thoracic region of the cord the gliosis was limited 
elongated oval running from the neighbourhood of the ventral median 
through the region of the central canal and dorsally for about two-tl 
the length of the dorsal median septum. In the more caudal se 
this area was separated from the ventral median fissure by some mye 
fibres of the white commissure, but its shape and extent remained otl 
constant. Its outer border was as definite and clear cut as in the 
cervical segments. The cavity, which was limited to a small slit 
centre, showed no lining of connective tissue. The white matter of tl 
appeared normal at this region, except for the extreme thinness of thi 
commissure, and for an area of pallor extending backwards from the 
end of the central gliosis along the dorsal median septum, In the 
thoracic region this central gliosis lay definitely behind the colu 
ependymal cells representing the central canal of the cord, and was se) 


os 
1 “sa 0 over the area зорро by the right ta 





^ ¿ + | , > t ’ 


TWO CASES OF SYRINGOMYELIA AND SYRINCOBULBIA , y 33 


тепсей five years before, and was first noticed after she had had an absceı 
over the leftsfirst dorsal interosseous muscle. This abscess was opened wit] 
out an anæsthetic, and the surgeon complimented her on her “pluck.” Bu 
as she laughingly observed, she deserved no credit, for the operation wi 
absolutely painless! After this she began to have ‘pins and needles" j 
her left hand, which gradually spread up to her shoulder. Numbness wi 
superadded, and in 1901 muscular weakness and contraction of the har 
developed. She was admitted to the hospital in 1902. Apart from the weakne! 
of the arm and hand and the anæsthesia shown in the charts (figs. 9 4, b, and € 
nothing was noted except marked nystagmoid jerking of the eyeballs. 8l 
remained in hospital for two months, and was afterwards for a time at И 
convalescent home. There was no difficulty, even in the out-patient room, | 
making a diagnosis: of syringomyelia, and examination in hospital confirme 
the out-patient diagnosis. There was nothing significant in her person) 
history or family history, except that a sister had died of probably disseminati 
sclerosis. 





Fic. 10. —Case II, Showing scoliosis in 1905. 


М She was re-admitted to the hospital in 1905 and then she complained 

weakness of the left leg as well as of the left arm. There was no wasting 
the leg muscles, but there was an exaggerated knee-jerk on this side and ali 
ankle-clonus. A definite lateral curvature of the spine had now develop 
(fig.10). The left hand was a characteristic main en griffe, but the wasti 
was masked to a great extent by what has been described as a “ succulent 
appearance of the back of the hand and fingers (figs. 11 and 12) ; there was 


Fic, 11.—Case II. Patient in 1905. - 
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Fic, 134.— Case IL, Analgesia in 1909. 
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Ето. 138,—Thermanesthesia in 1909 
BRAIN.—VOL, XLV. 
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Fie. 14.—Case II. Analgesia in 1911, - 


rescue de the upper limbs had iner 
She was. more pale and а 








ORIGINAL ARTICLES AND CLINICAL CASES 


only was all the area behind it more or less degenerated, but it would 
Appear from comparison with the right side that there had been consider- 
able loss of tissue. The most dorsal part of the twelfth nucleus, the 
dorsal bundle of Schütz and the dorsal nucleus of the tenth and eleventh 
nerves, having lain in the line of the slit, were missing, and the descending 
aucleus of the trigeminus could not be distinguished. Dorsal to the slit the 
auclei of the posterior columns were destroyed by gliosis, and the fasciculus 
solitarius showed degeneration and was devoid of surrounding cells. The area 
of the pyramidal tract was pale on both sides, especially on the right, some of 
its fibres having degenerated up to this level (retrograde degeneration). 
Emerging fibres of the hypoglossal nerve were fewer on the left than on the 
tight, and though the nucleus of the nerve showed no gliosis it was deficient 
n cells. 


| 


Right. E Left. 


F16..16,— The right mesial fillet is severely degenerated, and the left fasciculus solitarius 
has almost disappeared. Z.d., Lateral diverticulum or slit, 


In the lowest part of the medulla (fig. 17) the amount of gliosed tissue 
vas much smaller relative to the cavity than at the level of the calamus, and 
it the decussation of the pyramids the loss of tissue on the left side of the 
nedulla had been so great that this side was only about one-third the size of 
ts fellow. The slit had inclined ventrally on attaining this4evel and had 
eached the periphery on the left, while in front of it a column of gliosis 
зай formed round the central canal. By the erosion on the left side the left 
yramidal tract had been completely destroyed just after it crossed, and by 
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Right. Left 


Fia. 17.— The whole of the right pyramid and the later@l part of the left are 
degenerated. The internal arcuate fibres coming from the right dorsal column 
nuclei stain normally, but those from the left have disappeared. D.M.S., dorsal 
median septum, V.M.F., ventral median fissure. 





Fie. 18,—Case u. Cord at level of second cervical segment, 
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» 
gliosis round the central canal those fibres of the right pyramidal tract 
ch had lain most posteriorly in the décussation were also interrupted. The 
rrupted fibres on both sides evidently degenerated both upwards and down- 
ds from the lesion, with the result that immediately above its decussation 
right pyramid was almost entirely degenerated and the left pyramid at the 
e level showed degeneration of its lateral part; the descending degeneration 
an important influence on the appearance of the sections of the cord. 
No central canal was present at this level but in its position there was an 
(of gliosed tissue with a large circular clump of ependymal cells. A little 
ar down, the canal itself appeared, with the ependymal cells quite regularly 
nged around it (fig, 18). 
These primary lesions gave rise to other changes of a secondary nature 
1 at their own and at other levels. A consequence of the destruction of 
nuclei of the posterior columns and of the interposition of the slit was the 
l absence of internal arcuate fibres in the left half of the medulla and 
‘efore gf the median fillet on the right : his default of the fillet on the 
t side was very striking in all sections up to the mid-brain. At the level of 
calamus, the area from which the fillet had disappeared seemed to have 
ink, drawing forward the tecto-spinal and posterior longitudinal bundles 
16). i 





G. 19,—Case II. Cord at level of third cervical segment. d.c., Dorsal columns ; 
d.m.f., dorsal median septum; v.i., ventral horns; v.m.f., ventral median fissure. 


Another consequence of the interruption of the arcuate fibres was that the 
iform body on the left side was much smaller than that on the right; in 
the left side of the medulla as a whole was smaller. 

The ventral and probably the dorsal cerebellar tracts were degenerated 
1 at this level and Above. On the left side too, above the level of the 
ase, the rubro-spinal tract was degenerated (retrograde). 

The spinal cord.—In the upper cervical sections (fig. 19) a wide fissure 
pt right across in an are from the entrance of the posterior roots on the 
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left to the pyramidal tract on the right, reaching the periphery at both 
Lying ventral to it in the middle line was the column of gliosis seen ii 
lower medulla, with the central canal now beginning to appear in it. O 
grey matter only the ventral horns and the tip of the right dorsal 
remained. The left pyramidal tract was represented only by a few 

and the right pyramidal tract showed extensive degeneration; the ¢ 
columns of the left side were small, especially that of Burdach; on the 





Fic. 20.—Case II. Cord at level of the cervical enlargement. D.C., dorsal colum 
D.m.f., dorsal median septum ; v.h., ventral horns; v.n.r., ventral roots ; v.m. 
ventral median fissure. 


side the ventral part of the column of Goll showed considerable gliosis | 
ventro-median columns of both sides and the ventro-lateral of the left 


^ undergone partial secondary degeneration. 


Passing downwards, the: central canal first widened arid then became 
tinuous with the cavity. It was surrounded by a large number of 
apparently ependymal, and the ependyma formed a lining for part of 
ventral wall of the cavity. The cavity in the fourth cervical segment exte 
on both sides along the lines of the dorsal horns but did not quite react 
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periphery. At the edges of the cavity large numbers of cells were present but 
they did not form a boundary or lining; they were apparently glial. 

In the cervical enlargement (fig. 20), the sections were irregular rings, the 
sides of which were formed chiefly by portions of the ventral and dorsal 
columns ; the left pyramidal tract was completely degenerated and the right 
extensively but not completely so. Very small portions of the ventral horns 
were present. 


Fra. 21.—Case п. Cord in mid-thoracic region. d.c., Dorsal columns; the pale 
oval area between them is a patch of gliosis extending ‘from the central disease; 
d.m.f., dorsal median septum ; ; v.h., ventral horns; v.m.f., ventral median fissure. 


Fic. 22,— Case П. Dilated central canal at level of second lumbar segment. - un 


: D., Dorsal extension; L., lateral extension. A 
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Much the same may be said of the thoracic cord, but the ventral. and 
dorsal columns were more compact, and the ring being smaller its walls 
‘ were thicker. A greater part of the ventral horns persisted. More gliosed 
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tissue remained round the cavity, and at various levels the gliosis extended 
backwards between relatively healthy dorsal columns (fig. 21). + a 

At the first lumbar segment the cavity, as has been said, narrowed quickly 

and appeared almost like a transversely dilated central canal. Its ependymal 

lining was not, however, complete, and it was surrounded by a zone of glial 

tissue containing a large number of cells which were ependymal in nature, 
The same appearances prevailed down to the third lumbar segment (fig. 22). 

The outline of the cavity in the lumbar cord is particularly interesting, 

first, since it is similar to that of a stage of the developing canal, and secondly 

because a cavity of just this shape prolonged a little to one side, as it was in 

the first lumbar segment, would interrupt the crossing pain and temperature 

fibres from that side without affecting the touch fibres going to the dorsal 

Ё column, and so produce a unilateral dissociated anesthesia. A similar extension 

to the other side or a slight extension forwards would make the sensory loss 





Fra. 23.—Case II. Section of fourth sacral segment ; ring of ependymal cells 
surrounding a pencil of glial tissue. Note the clear zones around the vessels. —— 


symmetrical. One imagines tliat such a lesion if placed in the cervical cord 
might, in the absence of amy interruption higher up, be the cause of the 
dissociated sensory loss in one arm, which was the first symptom. 

The cavity was completely closed at the third lumbar segment. In the 
rest of the cord a slender pencil of finely reticular substance occupied the 
site of the central canal, containing irregular clumps of ependymal cells ; in the 

I lowest segments these were arranged in a fairly regular ring around it (fig. 28). 
E > Wherever gliosis or cavitation was seen, the large number and size of the 
E" vessels in and around the affected parts was noticeable; often they were 
actually free within the cavity. Apparently the vessels were more resistant to 
the process of gliosis and erosion than the nervous elements, with the result 
f that those from the destroyed areas came together near the cavity. 
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RELATIONSHIP OF PATHOLOGICAL ANATOMY TO SYMPTOMS. 


With. such extensive destruction it is almost impossible to draw 
conclusions as to the causation of symptoms. A suggestion has been 
made already to explain the unilateral sensory loss by which the disease 
first manifested itself, but at the stage at which the patient died many 
pathological factors were at hand to account for her almost complete 
anæsthesia: as interruption of the spinal commissure throughout the 
cord, destruction of the dorsal root zone, lesions in the dorsal columns 
or their nuclei, and possibly destruction of the left spino-thalamic tract. 

‘The weakness and wasting of the muscles of the neck and upper 
limbs, and the trophic disturbances in the latter, are explained by the 
extensive destruction of the “ventral horns in the cervical and first 
thoracic ségments. The spastic paralysis of the lower limbs was 
obviously due to the degeneration of the pyramidal tracts. 

The dysarthria must be associated with the partial destruction of 
the left vagal and hypoglossal nuclei. 

The complete sensory loss on the left sidé of the face and absence 
_ of the left .corneal reflex may be referred to the lesion of the descend- 
ing root of the left trigeminal nerve; that sensation was lost on both 
sides on the scalp and forehead considerably earlier than round the nose 
and mouth is explained by the fact that the descending fibres of the first 
division of the trigeminal nerve end at a lower level than those of the 
second and third divisions [11] [14]. It is stated that the fibres of the 
first division lié ventro-medial to those of the second and third divisions, 
and in sections just above the lesion the more ventrally placed fibres 
were pale, especially on the left side. 

The smallness of the pupils and the partial ptosis of left upper eye- 
lid are ‘éccounted for by destruction of the sympathetic centres in the 
cervical or upper thoracic cord. , 

The nystagmus is not so easy to explain. Liedler [7], from patho- 
logical and experimental evidence, concluded that nystagmus in syringo- 
balbia is due either to a lesion of the descending vestibular nucleus of 
one side, or to interruption by the fissure of fibres passing from this 
nucleus to the posteriorlongitudinal bundle of the opposite side, and his 
view has been supported by Levy-Suhl [6]. In this case, however, no 
lesion of the descending vestibular nucleus was seen, and although a | 
careful examination revealed no difference between the posterior longi- 
tudinal bundles, some of the fibres passing to them from the left 
vestibular. nugleus must have been interrupted. 
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А анай of these two cases from the pathological aspect reveals . 
radical differences in some respects in spite of a close similarity in 
others. 

` The most striking contrast is in the she of the cavitation to 
‘the process of gliosis. In Case I there was much: more gliosis than 
cavitation. For example, the lesion in the medulla appeared to be 
almost altogether due to gliosis, and very little cavity formation had 
taken place in that region. And in the cord also the amount of gliosis 
.was everywhere much more extensive than the cavity, which, over almost 
the whole of its extent, was bounded by a thick wall of glial tissue. In 
“Саве II, on the other hand, the most prominent feature was the cavita- 
„tion. In the medulla relatively little gliosis was seen, and, although 
" lower down in the cord isolated areas'of gliosis were present, they were 
small and insignificant in comparison to the size of the cavity. _ 

This pathological difference may be correlated with the clinical 
histories : in Case I the morbid process ceased to progress about twenty 
years before the patient’s death, for which it was scarcely responsible ; 
.. Whereas in Case IT it continued active, eens the patient. gradually 
more helpless. 

~ With the scanty knowledge that we possess as to the nature of the 
pathological process at work in this disease, the relationship of cause 
and effect cannot be definitely stated; but. certain features presented 
by these two cases suggest a possible explanation of the arrest of the 
disease in the first case. | 

It. has been noted that in Case П the ventricles were somewhat 
distended, the cervical cord swollen to considerebly above its normal 

size, and the central canal in the lumbar region much dilated. In 
Case I, on the other hand, there was no evidence. of hydrocephalus, 
but the iter of Sylvius was unusually large, and gave. the appearance 
of having shrunk to the shape it presented in cross section during the. ` 
. process of fixation. Further, the thick concentric: cuff of glial tissue 
“which surrounded the cavity in the lower cervical and dorsal regions of 
the cord conveyed the impression that it had been formed in response 
to some tension or pressure from within the cavity. There is thus 
in both cases evidence that the cerebrospinal fluid in the ventricles: 
and central canal of the cord was under abnormally high pressure, | 
“and that this was one of the factors leading to cavitation in the 
medulla and cord. In Case I either this pressure had fallen, or the 
glial tissue surrounding the cavity had become firm enough to withstand 
the destructive effects of the increased pressure. ` 


Jj 
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It is asaaliy taught, and is. probably true, that the process of gliosis 
in syringomyelia is primary, and ‘that it is the breaking down of the 
new-formed glial tissue which is responsible for the cavitation in the 
cord. But it must be remembered that glial tissue is in all probability 
endowed with a very slow rate of growth, and that although in the 
earlier stages of this process it is extremely fragile, in the later stages 
it is probably .firmer than normal nervous tissue. Therefore, if the 
destructive process ceased for a time, the glial tissue might become firm 
enough to resist any further cavitation. 

In Case І it is possible (and an examination of the cervical region of 
the cord bears out the suggestion) that the fluid had formed a channel 
by which it could escape into the subarachnoid space, and that the 
formation of this channel coincided with the arrest in the progress 


` .of the disease. 


The association of syringomyelia with symptoms of increased intra- 
cranial pressure, such as headache and vomiting, bas been observed by 
many authors. In some such cases the post-mortem examination has 
shown the existence of internal hydrocephalus. Such a case has been ' 
described by Grund [1]. This patient, the mother of four healthy 
children, commenced at the age of 24 to have headaches, which 
continued for nine years without the development of any other morbid 
symptoms. A year before her death they became worse, and were 
associated with giddiness and vomiting, and a little later weakness of 
the arms and paraplegic symptoms were added. Death occurred with 
Cheyne-Stokes respiration; indeed the whole symptomatology of the 
case suggested the diagnosis of intracranial tumour. The post-mortem 
examination, ‘however, revealed no neoplasm, but кунарын 
associated with syringomyelia and syringobulbia. 

Hassin [2] ,has drawn attention to the increased pressure of the 
fluid within the cord in cases of syringomyelia. In such a case 
observed at operation the distended cord filled the theca, and no 
pulsation was seen in it. A slit made into the cord released clear fluid 
under great pressure and the pulsation in the cord was restored. In 
commenting on this case he makes the suggestion that the thickening 
so constantly found in the walls of the vessels in and around a syringo- 
myelic cavity is & process of compenention for the increased pressure 
outside them. 

The conception that increased intracranial pressure transmitted to 
the cerebrospinal fluid may be a dominant factor in the causation of 
syringomyelia is in some ways allied to the well-known theory of 
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Langhans [5]. He observed in four cases the association of syringo- 
myelic cavities in the cord with tumours in the posterior cranial fossa, 
and considered that the latter by compressing the vertebral veins led 


“to venous stasis and одета in the cord, with consequent distension of 


the central canal and disintegration of the grey matter. This theory 


: gerves to explain not only.cases such as those which Langhans studied, 


= 


but also those in which cavities develop in the cord below the level at 


which it is compressed by a tumour. 

And it 18 possible that a similar venous stasis may occur in the cases 
in which hydrocephalus is associated with syringomyelia, for the increased 
intracranial tension may push down the lower part of the cerebellum 
through the foramen magnum and thus compress the vertebral veins. 
A pressure cone of this kind was described by Grund [1] in the case he 
recorded, but it was probably a terminal phenomenon. It seems, how- 
ever, unlikely that in the classical slowly progressive form of syringo- 
myelia there is sufficient venous stasis within the cord to lead to cavita- 


. tion. Nor is it common to find such cavitation in cases of cerebral 


iumour' or hydrocephalus. Therefore, while it is possible that venous 
stasis may be one of the factors in the causation of syringomyelia it 
cannot be the chief or even an important one in the majority of 
cases. 

Meningeal and arterial disease, by diminishing the blood supply to 
the central parts of the cord, may undoubtedly be the cause of cavitation 
in some cases. But in both our patients symptoms commenced before 
the age of twenty, and at the necropsy there was no evidence of 
meningeal thickening or arterial disease, except in relation to the 
cavities in the cord. 

But there is evidence of another and probably more important 
sotiological factor in both of these cases, namely, a congenital instability 
of the glial tissue in the regions which the central canal of the cord 
occupies during fostal life. In both cases the lesion in the dorso-lateral 
part of the medulla corresponded fairly closely to the lateral wing of the 


` cavity which is formed during the primary flexure of the neural tube 


* in this region. And in both cases there was also a ventral extension of 


the fourth ventricle similar to what is present before the fusion of the 
basal lamin. 

In the cervical cord in Case I the central gliosed area, closely 
resembled the shape of the foetal central canal, and lower down in the 
cord this area corresponded to its ventral and dorsal extensions. In 
Case II the central canal in the lumbar cord was an approximate 
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ne of the fotal canal, “except that an ingrowth of glial 

‘tissue had replaced the ventral “extension between the basal lamine. 
Other considerations, such as ‘the abnormal shape of the head, which 
was present in Case II and.which has been described in other cases, 
emphasize the probability that the disease has a congenital origin. 

It is difficült to explain the origin of the cavitation in the ventral 
part of the medulla in Case I on any of these theories. The clinical 
record suggested that this occurred at an early stage of the disease. 

- In fact diplopia from weakness of the right sixth cranial nerve was the 
earliest symptom. Cavitation in this region is not common in syringo- 
bulbia, but has been recorded by Krauss [3], Raymond and Philippe[8], 
Rosenblath [10], Wilson [13], Grund [1], Spiller [12], and Rhein [9]. 
In the case described by Krauss the cavity lay, as in Case I, between 
the olive and the inner accessory olive, destroying the fibres of the 
hypoglossus. And in several of the other cases thg cavity followed 
more or less exactly the line of this nerve. 

An examination of the development of the hypoglossus reveals the 
fact, that at an early stage of development the nucleus of the nerve lies 
relatively much nearer to the ventral surface of the medulla than it 
does, at maturity. Several tract systems come later to lie ventral to it, 
notably the pyramid, the olivo-cerebellar system and the median fillet. 
The hypoglossal nucleus is thus shifted dorsalwards and its root fibres 
come to lie between the olive with its transversely crossing fibres to 
the cerebellum, and the two longitudinal tracts which constitute the 
pyramid and the median fillet: The arrangement of these tracts-and 
the dorsal migration of the hypoglossal nucleus may make the line of 
its fibres a zone of lowered resistance, or of unstable cellular equilibrium, 
and so may lead to cavitation in the few cases in which this occurs. 
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A STUDY OF THE CEREBRAL FIBRE SYSTEMS BY MEANS 
OF A NEW MODIFICATION OF ANATOMICAL METHODS. 
THE LATERAL WALL OF THE THALAMUS AND THE 
SAGITTAL PORTION. OF ITS CEREBRAL FIBRE SYSTEM. 


BY JOSHUA ROSETT, M.D. 
Instructor in Neurology, Columbia University, New York. 


THE amount of knowledge accumulated respecting the functions of 
the nervous system, in so far as those functions manifest themselves in 
movements on the part of the organism, is very large. A great number 
of most complicated phases of normal and abnormal behaviour have 
been correctly observed and are clearly understood. Yet our knowledge 
respecting the essential structures underlying such phases of behaviour 
remains small in amount and indefinite in quality. The diagrammatic 
and semi-diagrammatic representations of the arrangement of a great 
number of nerve conduction pathways, current even in the best publica- 
tions on the subject, testify to the scantiness of a knowledge gained by 
distant and indirect methods of observation. As a matter of fact, a 
number of such diagrams rest upon pure hypotheses which, in their 
turn, have been deduced from certain kinds of behaviour. 

Even our'best method for the study of continuous pathways in the 
central nerve system, the so-called Marchi degeneration method, has its 
peculiar limitations. - From the experimental application of this method 
man is rigidly excluded. Yet similar as is the basic plan of structure of 
the nervous system in all vertebrates, the human nervous system differs 
in many. respects from the brain of even the highest anthropoid ‘ape. 
In proportion to the size of the body the human brain is very much 
larger in bulk; and this increase in bulk-implies both 3 vastly in- 
creased number of neurons, and a se increased complexity in their 
arrangement. : 

The study of the conduction athena in the mod brain by means 
of the Marchi method requires.a rather involved combination of favour- 
able circumstances. The lesion must be very small; the person must 
die within a period of some. three weeks after the occurrence of the 
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lesion, and there must be an opportunity for an autopsy. Such a com- 
bination of circumstances is sufficiéntly rare to make this REPRISE 
method of very limited application. 

Thé opportunities for study offered by old lesions, in tissue stained 
by the Weigert method, are, of course, very much greater. ‘Yet what- 
ever stain is employed, the current methods of sectioning the tissue 
make its subsequent investigation a matter of extreme difficulty, and 
the results of such a study to a great extent uncertain. Except in a 
few situations the fibre tracts in the brain do not pursue any direction 
for more than a fraction of a millimetre. Owing to their sinuous course 
they are cut obliquely or irregularly no matter in which direction the 
section is made. What one sees in the best Weigert preparations of 
. the brain is a beautifully variegated and almost hopeless picture con- 
stituted of millions of dota and streaks. 

Careful dissection of properly hardened tissue, although the oldest, 
still remains one of the best methods at the disposal of the anatomist. 
In the dissection of the brain, however, one meets with certain dangers 
and difficulties. The chief danger is the fallacy into which one is 
almost certain to be led by habitual attempts to make microscopic 
deductions from macroscopic appearances. The greatest difficulty is 
that of retaining good records of the successive steps in the dissection. 
In the best photographs of such preparations most of the fine detail 
is utterly lost, while good drawings are rare, expensive and time- 
consuming. Yet unless many of the consecutive steps in the dissection 
of any one specimen are correctly recorded for subsequent study, criti- 
cism and comparison, the method, relatively crude as it is to begin 
with, must remain of correspondingly small value. ' 

The modification of current anatomical methods to be described, 
obviates many of the difficulties and increases the certainty with which 
. fibré tracts may be traced in the central nervous system. By means of 
current methods, the direction of lines and surfaces is inferred from the 
observation of points; by means of the modification to be described, ` 
points, lines and surfaces are directly observed. By the employment of 
this modification it has been possible to view a very large portion of an 
' entire cerebral fibre system, such as the thalamic, pallio-pontine and 
others, each in a single section under the microscope; and to trace with 
comparative ease and exactness the course of bundles that have hitherto 
been represented only schematically. 
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"METHOD AND GENERAL TECHNIQUE. 


The method consists of two processes: (1) longitudinal sectioning 
and (2) serial dissections. 

(1) Longitudinal sectioning is & method of preparing serial micro- 
scopic sections of any size in the plane of the course of a fibre-tract, or 
of an entire cerebral fibre system. The general technique will be given 
in this place, and the special steps to be. taken in the preparation of 
sections of very large and complicated fibre systems will precede the 
description of each system. 

The method may be employed in connection with a number of the 
ordinary stains and with either normal or pathological tissue. 

(a) The particular fibre bundle or sheet is dissected out along the 
apparent course of its fibres. In well-fixed tissue such dissection is 
made comparatively easy by the use of the right kind of tools. In 
addition to the knife and scissors, the tools employed in the present 
work were small, spade-like, blunt-edged glass chisels, curved at an 
angle of about 100° at their ends. Such chisels are easily made in the 
Bunsen flame, and are very smooth and keep clean. Their curve enables 
one to get under the thinnest strand of fibres and to lift it out of its bed 
by leading the instrament along its under surface in the line of cleavage 
of the fibres. Such instruments, too, make it possible to reach fibre- 
strands in places which are inaccessible to a straight instrument without 
a serious distortion of the parts, such as the depth of the posterior and 
inferior extensions of the lateral ventricle. 

(6) The detached strand is marked so that the relations which its 
several parts bore to the bed from which it was detached can be deter- 
mined. A rough drawing accompanied by legends serves the purpose. 

(c) The piece of tissue is placed on a numbered glass slide, the side 
in contact with the glass being carefully recorded. A pad of absorbent 
gauze, uniform or varying in thickness according as the tissue is 
of the same thickness throughout its extent or not, is placed upon 
the specimen, and is covered with a second glass slide of the same 
' size as the first. This package is now tied with a strong string, the 
degree of pressure exerted in tying being such as to ensure the uniform 
application of the tissue to the glass slide on which it rests. 

(d) If the Weigert-Pal stain is to be employed, the package is 
immersed in one of the mordanting solutions. There it remains for 
three or four days, or long enough for the tissue to retain its flat shape 
when the package is untied. It is then taken out of the solution, 
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untied, and the top slide and the gauze pad removed. The strand of 

tissue is lightly fastened with a thread to the slide on which it rests and 

immersed once more in the mordanting solution, where it remains for 
, the necessary length of time 

If it is intended to use a stain which requires no preliminary mor- 

danting of the tissue, the process of flattening it permanently may be 
accomplished by the use of alcohol or of any other fixative agent. 
« (e) When the mordanting is completed the glass slide with the piece 
of tissue tied to it is removed from the solution, washed, and treated 
with the alcohol and the ether solutions in the usual way employed in 
the preparation of Weigert-Pal celloidin sections. 

(f) A glass slide is covered with tin (not lead) foil, and fastened to 
it by bending the edges of the metal around those of the glass. The tin- 
foil should be about 0°5 mm. in thickness. Such foil may be spread over 
the glass so that its surface is perfectly smooth and even. An attempt 
to use the ordinary very thin foil is almost certain to result in the failure 
of the subsequent procedures. The tin-covered slide is placed in a 
celloidin solution with the tin up. The slide bearing the tissue is 
removed from the alcohol-ether solution; the thread which holds the 
tissue to the glass is untied, and the tissue is gently pushed off the old 
slide and placed on the tin surface of the slide in the celloidin solution. 

The vessel containing the celloidin solution should have a flat 
bottom, and it should rest upon a horizontal surface. The amount of 
solution in the vessel should be such that when it reaches the necessary 
final consistency its surface should rise above the embedded tissue for à 
height of about 3 or 4 mm. , 

(д) When impregnation and embedding is completed, a cut is made 
through the thickness of the celloidin, passing around the tin-covered 
slide. A convenient instrument is passed under the edge of the slide, it 
is lifted out, and its celloidin surface is fastened to a wooden block in 
the usual way. With the block resting on a table, the relations of the 
whole are then the following, from top to bottom: glass slide, tinfoil, 

. tissue, a generous layer of celloidin, wooden block. 

The edges of the tin are now bent away from those of the glass slide 

and the latter is removed. An edge of the tin is then held against the 
` side of a pencil, which is rolled over the surface of the embedded tissue 
in such a manner that it becomes wrapped in the tinfoil. The metal 
is thus removed from the adjoining tissue, leaving behind a surface 88 
straight and polished as a mirror. 
` The preparation is treated with alcohol or with cedar oil, in the 
usual way. 


' 
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КО The block is adjusted in the microtome in such 8 manner that 
the first cut will shave off a complete section. This-is relatively easy 
since the, tissue- presents a perfectly even surface. In the present 
investigation it was found convenient to set the long diameter of the 
block ъв parallel as possible to the edge of the microtome knife; on the 
‚whole, therefore, the sections were in the same plane as, and more or 
less at right angles to, the apparent course of the fibres. The layer of 
celloidin between the tissue and the block permits the sectioning of the 
entire piece without waste, In this manner it was possible to produce 
longitudinal sections of strands of tissue 10 cm. long, 3 or 4 mm. in 
width and less than 1 mm. in thickness. 

If the apparent course of the fibres in the tissue is not their true 
course, the fact is immediately discovered in the stained section. Ina 
true tract the fine bundles of fibrés may be followed in one and the same 
: section in their entire length by merely moving the slide along the 
platform of the microscope. When a bundle leaves the main tract its 
deviation in a large field of uniformly parallel bundles is detected with 
the greatest ease. Moreover, in such sections perforating bundles are 
geen with a remarkable degree of definition, the cross-sectioned areas 
standing out prominently amid a field of longitudinal fibres. An 
example of such a perforating bundle is the auditory tract, which is 
cut across in the sagittal sections of the lateral portion of thgsthalamus. 
Those who have looked for this tract in normal Weigert-M prepara- 
` tions generally fail to identify it. 

(2) In the microscopic preparations just described, the course of 
the fibre-tracts is observed in the two possible directions on a plane 

surface, Thus, in the illustrations which follow, the direction of ће 
fibre-bundles is either up and down, or from before backward, or partly 
the one and partly the other direction. In order to leave as little as 
possible to the uncertain processes of deduction, the. third direction was 
supplied by Serial Dissections. 

For these dissections formaldehyde-hardened tissue was used. After 
through fixation the brains were removed from the formaldehyde 
solution, wrapped in towels and placed in loosely-covered jars. After 
two or three months the brain-tissue, but slightly shrunken, became 
. sufficiently tough to permit the most detailed dissection. 

A record of each step in the dissection is obtained by pouring on the 
preparation molten wax which, on cooling, furnishes’ a mould into 
which is poured plaster of Paris. When the plaster has set the wax is 
melted out. In this way `а series of faultless reproductions of the 


‘around t 
. hippocampús and a part of the uncus, a short distance in front of the 
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several steps in the dissection of the hemisphere is obtained. The 
series may be as large as the investigator pleases. In the present study 
seventy-eight casts were made of as many steps in the dissection of one 
hemisphere ; fifty-seven of another; only ten of third; andsoon. For 
the study of the relations of the parts, and for comparison with the 


‘microscopic sections, such a series is. invaluable. The moulding and 


the casting require but little time and skill. The wax never sticks to 
the damp brain-tissue, and projecting parts are pulled out of the monid 


with little difficulty. 


SPECIAL TECHNIQUE FOR THE PREPARATION OF [LONGITUDINAL 
Microscopic SECTIONS OF THE SAGITTAL PORTION OF THE 
THALAMIC RADIATION. 


A cùrved instrument is entered between the corpus callosum and 
the cingulum, and the entire cingulum convolution, from the para- 
terminal body to the hippocampus, is removed. The association sheets 
between the cingulum and the other convolutions are next cleared away, 
until the callosal fibres are seen covering the entire mesial aspect of the 
hemisphere as far below and behind as the parieto-occipital and anterior 
calcarine fissures. . 

The septum lucidum is removed, the anterior pillar of the fornix cut 
as low d as possible, and the band of the fornix pulled away from 
alamus. Below that band is torn off, together with the 






receding angle of the temporal ventricle. The association-sheets in 
the. small sulci of the cuneus are cleared away. The floor of the 


anterior and posterior limbs of the calcarine fissure is cut through. 


The lateral ventricle is thus everywhere opened. 

The superficial fibres on the dorsal and anterior surfaces of the 
callosal band—the fibres which face the antero-superior border of the 
hemisphere—are lifted up strand after strand and pulled off the mesial 
aspect of the hemisphere which they cover. This is continued until 
the thickness of the cut border of the corpus callosum is reduced to 


‘about one-half. At this stage it is found that the fibres of the callosal 


band, when pulled upon, break off easily at their point of contact with 
the hemisphere. These are the perforating fibres, and fhe fact that 


. they have been reached is an indication that above the line of their 


entrance into the hemisphere the thalamic fan has been exposed on the 
mesial surface. . 
The ventricular ependyma is peeled off everywhere, except in the 


` 
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groove between the corpus ailleurs and the caudate nucleus and in 
that between the latter and the thalamus. In the former groove the 
ependyma i is strongly adherent to the fasciculus subcallosus, & part of 
which may be torn away by an attempt to expose it; in the latter the 
eperidyma is as strongly adherent to the stria terminalis. 

In the posterior and inferior extensions of the ventricle the removal 
of the ependyma brings to view the fibres of the tapetum. This 
covering must be lifted with great care, especially in the inferior horn 
where it is very thin. Lateral to this layer, the entire expanse of the 
ventricle, except the narrow ‘space around the thalamus which is 
occupied by the tail of the caudate nucleys, is x by the fibres 
of the thalamic fan. 

The instrument is how inserted into the substantia nigra and the 

_thalamus separated from the fibres of the pes pedunculi. With the 
fan of the peduncular radiation as & lateral guide, the sagittally placed 
sheet of thalamic fibres is easily separated from the mesial aspect of the 
hemisphere in the frontal, parietal, and occipital regions. The 

`* expanded portion of the anterior commissure is a lateral guide in the 

1 separation of the thalgmic sheet in the anterior half of the temporal 
ventricle. Lateral to the thalamic fibres in the posterior portion of the 
temporal and the lower half of the occipital ventricle is a lager of fibres 
converging towards the. globus pallidus, and from this payer, too, the 
thalamic sheet is separable with ease. ` 

The protruding mesial portion of the optic thalamus is now 

‘gradually torn away in the line of’ cleavage of the fibres, leaving а 
thickness of 5.or 6 mm. of its lateral wall. 

‚The circumference, of the large sheet thus obtained is serrated 
above, the serrations corresponding to the gyri and sulci at the superior 
border of the hemisphere. Below the circumference corresponds 
behind to the lower lip of the calcarine fissure ; in front to the outer 


‚. OF lower portion of the hippocampal convolution. Still more anteriorly 


the gap in the outline of the circumference corresponds to the horizontal 
fissure, in front of which is the gyrus rectus. 

The surface of the sheet which corresponds to ‘the mesial aspect of 
the hemisphere is placed on & large slide, and the preparation treated as 
described under the heading of General ‘Technique. 


* 
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"THE LATERAL WALL OF THE THALAMUS AND THE SAGITTAL 
PORTION OF ITS CEREBRAL FIBRE SYSTEM. 


; Fig. 1 was prepared practically from a single section. A few 
_ defects were corrected from four other sections. The size of these 
. sections was nearly 18 by 9 cm. It is not possible to produce a single 
. photomicrograph of an entire section of such size at a magnification at 

- which the small bundles of fibres become visible. The alternative is to 
‘photograph or to draw the section in parts, and to put the fields thus 
‘reproduced together side by, side in the proper order. For practical 
: xeasons the expedient of drawing was adopted. The Edinger epidia- 
^ scope was used at a magnification of 25 diameters. The resulting huge 
‚ drawing—1'8 by 2'3 metres— was then photographed and reduced to 
<., its present dimensions. The lines of the photograph were gone over ; 
' with ink and the photograph bleached out. 
The disadvantage of such an illustration is that although it gives & — 
., concrete idea of the general appearance of the stained- section, the 
- sharpness of its lines produces the impression of a diagram. Such. 
an ‚ımpression is true to the extent that each line in the drawing 
represents not a nerve-fibre, but a bundle of fibres in the section drawn. 
` The advantages of such a drawing are the concreteness of the fairly 
. Correct ideë\of the appearance of the section which it furnishes, and 
* the fact that M; enables one to eliminate certain irrelevant features, such 
7 as the perforating bundles of the corpus callosum. ` 
«' A number of photographs were taken from different parts of th 
‘sections’ employed in making the drawing, and some: of these are 
reproduced in the illustrations. They serve the purpose of correcting 
the impression of the diagrammatic nature of the drawing. Such a 
correction is especially important in this case; since, as will be seen, 
“the facts revealed in these longitudinal sections differ in’ several. . 
„essential points from, those of a number of investigators who based 
ше. conclusions on sections cut in the ordinary way. 
.'' In this study the Weigert-Pal stain has been used throughout. 
» This stain furnishes no clue to the functional direction of a nerve-fibre. 
‘It is to be understood, therefore, that except where, such a functional 


direction is explicitly stated, té is nowhere implied in the forthcoming ^ : 


descriptions. 

ў The main bulk of the thalamic radiation Вав the general form of & 

fan ‘open for about 300 degrees of a circle. The gap in the circle is 

: the horizontal fissure. This fan is placed, on the whole, in a sagittal 
' + 3 ‘ y - 


i + 


The division of the thelainie’ radiation 1 into several рейши. has 
anatomical foundation. Dejerine [4] called attention to this fact. 
‹ ther. investigators. agreed with him that the term '' peduncles, 
connectio with the мыш. radiation, is to be used for conve 


re nowhere раина to the extent of juin: а а ано 
eduncles, -yet the several parts of the fan are each marked by 

characteristic features. These will be described as they appes ' 
| thalamic radiation i is viewed on a sagittal plape. 


Tus TEMPORAL I HAT AMO RADIATION: 
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(onneton with the ventral region of the busca = 
shown by E. Sachs [25] by means of experimental lesions. 
vertical course of the temporal fibres in the pulvinar gives tha 


aracteristic streaked appearance. 


the thalamus (fig. 3 VD. In the nn of the fibre sy iis 
longitudinal sections, this phenomenon will be encountered o 
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| i into compact bundles, 
| spread out. this there are two easons. One is that e: ch 
thicker than the: fibre with which it stands in ‚connection, n 
nuclear mass, therefore, occupies a wider + 

fibres which it sends out or receives. The other i is a rule whi 
to hold a good throughout the nervous system, central as : 


pheral nerves, has book abundantly proved by the 
Sherren 1977. Heinemann [11], Langley and Hashi 
McKinley [15]; апа a number of others. A careful inspec 


Ms & plexus of extreme intrigacy. Owing to this it. 
that the mutual relations of the Abres] in a nerve eru x in 


€ proximity of i a 
inal sections. 


la of its ‘nucleus, and none is observed. та the case of 
near its nucleus of termination, however, the circumstances - 
different. The fibres of that tract have changed places repeat 
in the neighbourhood of its nucleus each small bundle must 
ato its constituent fibres, and the fibres must break up ini 





ppeürance should be clearly observable in sections oat a ong 1 
Ё. such a tract. In the sections examined - in connection wii 


from view, the bundles of that tract are always sit 
al sections to assume the form of a matted brushwork 





‚in thickness. The spaces het whorl these bur 
е substance of the striate body, through which i 


| ir way to the thalamus. These bundles will be 
sidered i in 1 the next section. 
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adate nucleus below and the corpus callosum above (fig. 3) 
jundle is most prominent over the dorsal portion of the head ol 
audate; it thins out over the body of that nucleus and disappea: 
the beginning of its tail. In certain specimens it attains a thick 


f 3 mm. from above downwards at its thickest part. : 

The extent to which the current methods of sectioning thé 
‘are conducive to error is well illustrated by the conclusions rea 
especting the nature of the subcallosal bundle by universally reco; 
autho ities. One conclusion is that it serves as a connection b: 

e cerebral cortex. and the caudate nucleus; another, that 
asso iation tract between different parts of the caudate nucleus ; 
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мар, 
Edinger [6] devotes considerable attention to this bundle. 
nammals," he says, “there exists a small fibre tract which 
along the entire extent of the nucleus caudatus. It begins in 
the head of the ganglion as a few fibres which appear to 
_the head itself. . This tract increases in size more and mo. 
for a certain distance, then becomes smaller, in: „consequ 
slenderness of the tail of the nucleus. . . . The bundl 


the frontal a an part 
ough the subs ince 
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caudate nucleus, and into the optic thalamus. Fig.1, VII, and fig. 8, 
indicate the course of the fibres composing the subcallosal fasciculus. 

The fact is that the fibres between the frontal regions of the cortex 
and the thalamus pursue & rather intricate course. From in front and 
above they pass at first downward and backward in a series of graceful 
curves; they then all turn backwards in an almost horizontal direction 
over the head and body of the caudate nucleus. In the horizontal part 
of its course the entire mass of fibres is packed into a single bundle of 
considerable width. At various distances from before backward this 
horizontal band gives off five or six fasciculi, which turn downward and 
plunge through the substance of the caudate nucleus to join the thala- 
mus in the region of the stria terminalis. 

A vertical or a horizontal section of the hemisphere passing through 
the caudate nucleus shows that no part of it is sufficiently separated 
from the rest of the corpus striatum to allow it to be regarded as a 
separate ganglion. To the anatomists who have described the sub- 
callosal bundle the fact was well known that the existence of the 
caudate nucleus as a separate entity is a mere gross appearance. The 
form of that nucleus—a thick head in front, a body and a thin tail 
behind—is due mainly to the fact that from a mesial viewpoint the 
smaller thalamus leaves exposed a greater portion of the striate body 
above and in front than it does behind and below. Nor is the separation 
of the exposed from the concealed part of the striate body at all 
accomplished by the stream of fibres which perforate that body. 

Even if it were true, then, that the fibres of the subcallosal fasciculus 
stand in connection with the cells of the caudate nucleus, it still remains 
difficult to understand why the fasciculus diminishes in thickness 
posteriorly, in proportion to the diminution in the thickness of the 
caudate nucleus. 

A case of agenesis of the corpus callosum in the microcephalic brain 
of an idiot, described by Onufrowitch [19] and later by Forel [7], is 
responsible for a conception of the nature of the subcallosal fasciculus 
which still prevails. Notwithstanding the absence of the callosal band 
in this case, the tapetum was intact in the posterior extension of the 
lateral ventricle. Onufrowitch and Forel thought, moreover, that the 
tapetum was continuous.in front with a bundle of fibres which passed 
between the cingulum and the caudate nucleus to the frontal portion of 
the hemisphere. They, therefore, concluded that the tapetum was not 
part of the corpus callosum, but that, together with the bundle of fibres 
which they saw pass to the frontal portion of the hemisphere, it 
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constituted a fono oao association tract. They called. it the 


fronto-ocoipital fasciculus and. identifiéd it with the superior nn 
or arcuate fasciculus described. by Burdach. 


Muratoff [18], in his experiments on dogs, found by the lee E 
‚of the Marchi method that the amount of degeneration in the bundle 


described by Onufrowitch was relatively small when any single cortical 


‘grea was injured. He also found traces of degeneration in it in lesions 


of the parietal cortex as well. He, therefore, disagreed with 
Onufrowitch that the bundle served to connect only the two areas 


. implied by its name, and came to the conclusion thet it was too complex 


in nature for any specific name and proposed to call it the fasciculus 


ў subcallosus. Respecting its identity with the superior longitudinal 
` fasciónlus of Burdach, he rightly pointed to the fact that the latter 


association tract is situated on the lateral side of the corona radiata, 
while the bundle in question is to be found on its mesial side. 
| Dejerine [4], using the same argument as did Muratoff, points out 


: the error in identifying the subcallosal fasciculus with the superior 
: longitudinal fasciculus of Burdach. He agrees with Onufrowitch and 


Н 


Forel that the subcallosal bundle is a fronto-occipital association tract. 
: He brings, however, a number of facts to bear upcn the nature of the. 
"tapetum, showing that it does contain a certain EE of callosal 


fibres. 


Wernicke [28] thought that the fasciculus in eer was composed : 


mainly of the fibres of the corpus callosum, but that it also contained 


' . а certain number of fibres from the frontal lobe. He declares, how- 
‘ever, that he knows nothing further about its course. 


That the subcallosal fasciculus is composed of fibres which extend 
into the large areas of the frontal and parietal cortex, has already 


''been' noted. When considering the course of the prefrontal and orbital 


fibres it will be seen that they curve for some distance upward around 


the head of the caudate nucleus, before’ plunging through its substance. 


" In that situation, therefore, these fibres contribute to the formation of 


‘the anterior portion of the subcallosal bundle (fig. 1). . 
It can be easily understood that lesions of the occipital cortex would: 


bring about degeneration of the fibres of the tapatum, if this is con- 


“stituted either'in whole or in part of callosal fibres. That lesions of the 
' patietal ‘and frontal regions of the cortex would result in degenerations 


in the subcallosal bundle is also easily understood. Yet that by no 


| ‘means implies. the continuity of the frontal and parietal fibres with 


those of the tapetum. The difficulty lies in the obscure space which 
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dareen iu behind forward betweén the posterior portion of the 
callosal band above and the optic thalamus below (see fig. 3). The 
greater portion of the lateral ventricular wall is there occupied by the 


tail of the caudate nucleus, above which the subcallosal bundle ends, 


while the fibres of the tapetum, which. stream, to or from the callosal 
band, curving around the tail of the caudate, overlap the ending of the 
subcallosal bundle. The suggestion of the continuity of the two is 
‘indeed strong. In any microscopical preparations where all the fibres 
are cut across and where all appear alike, if is quite impossible to 
recognize a line between the two. A lesion at this point would 
certainly involve ‘both the fibres of the tapetum and those of the 
subcallosal band. ` Even some distance in advance of the ending of the 
bundle a lesion of the tract, by encroaching upon the closely adjoining 
fibres of the corpus callosum, might be followed by traces of degenera- 
tion in the tapetum on the one hand and in the frontal and parietal 
‘regions of the hemisphere on the other. In such a case, too, prepara- 
tions containing vast numbers of fibres cut across must be misleading. 
In sections, however, where the thinnest bundles may be traced in 
their continuity, the posterior course of the subcallosal fasciculus i is very 
plain: (figs. 1, VII, and 4). : 

As to the nature of. the tapetum, it is well to bear in mind that the 
last word has not yet been said on the composition of the corpus 
callosum. Hamilton [10] may have been wrong in his conclusions on 
its nature, but Beevor [8]. who attempted to correct the error, was 
not altogether right. Cajal’s silver impregnation sections are very 
convincing, and his [22] conclusion is that the corpus callosum is 
· constituted in great part of collaterals of the projection and association 
fibres of each hemisphere. Roussy’s [24] belief is “that a certain 
‘number of fibres depart from the optic thalamus and, by way of the 
corpus callosum, arrive at the cortex, and even in the thalamus of the 
opposite side.” It is certain, too, that the corpus callosum contains a 
number of projection fibres of the ancient olfactory system. It must, 
therefore, be conceived as a commissural band which contains elements 
of many or even of all kinds of fibres of each hemisphere on their way 
` to or from the opposite side. In the light of such & conception it will 
. be readily understood how any portion of the corpus callosum may be 
' present, though the ‘rest be congenitally absent. If, therefore, any 
portion of the thalamic or the other fibre systems in the temporal and 
occipital regions attained a certain degree of development, the tapetum 
may very well have been present in ша defective brain described by 
Onufrowitch and Forel.’ ., 
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' The Stria terminalis or the Stria cornea is a prominent linear projec- 
&ion in the groove between the caudate nucleus and the optic thalamus. 
With certain differences in detail, it is the general agreement of 
Arnold [1], Meynert [16], Koelliker [12], Ganser [9], Edinger [6], 
Probst (21], Dejerine [4] &nd others, that in animals it is & fibre tract . 
. which begins in the masses of grey matter in the region of the anterior 
perforated space—the nucleus amygdalæ, the anterior portion of area 
pyriformis, the uncus, &c.—and which, after surrounding the optic 
‘thalamus, ends in the same masses again. Cajal [22] comments on the 
“extreme difficulty of following this fibre band in man. His study of ` 
the tract in young mice has led him to the conclusion that the stria is 
both & commissural—by way of the anterior commissure—and a pro- 
jection system of fibres belonging to the olfactory apparatus. 
‘In bis degeneration experiments on monkeys, dogs and cats, Probst 
[21] found the stria to degenerate in both directions. He could trace 
degeneration in front into the nucleus of Ganser, and behind into the 
tip of the temporal lobe. 
By the method of longitudinal sectioning it has not been yet possi-: 
ble to establish the continuity of the fibre bundles composing the stria 
‚ terminalis throughout their length in the human brain. The stria is 
most prominent over the superior (dorsal) part of the thalamus, imthe 
groove between it and the caudate nucleus. In that particular situation 
‘the bundles of the frontal and parietal portions of the thalamic fan abut 
against the thalamus in a manner that might be very misleading in 
sections in which large numbers of fibres are cut across. At their 
junction with the thalamus the lateral portions of the stout frontal 
and parietal bundles pass down on the lateral surface of the lateral 
thalamic nucleus. There they at once break up into a matted brush- 
work which, in these sections, produces the very characteristic 
appearance of the lateral aspect of the lateral thalamic nucleus—the 
lamina medullaris externa. The mesial portions of the bundles in 
question, however, do not break up into a brushwork to the same 
extent. As they impinge upon the thalamus, they bend either forwards 
or backwards, and: make a mesial bulge in the dorso-lateral groove of 
the thalamus, where they proceed for a considerable distance before 
sinking into its substance (fig. 1, VIID. 
The effect produced by these frontal and parietal bundles as they 
‚ impinge against the dorso-lateral edge of the thalamus is the same as 
‚when a row of camel’s-hair brushes is pressed against a flat surface 
` along its edge. Those hairs which strike the surface bend in different 
› 
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“directions and the hairs of adjoining brushes will become intermingled ; 
while those situated beyond the edge will pass straight down. 

It is, of course, possible that mixed in among these thalamic fibres 
are others which pursue an arcuate course around the thalamus. It is 
certain, however, that the number of such fibres, if they exist in the 
human brain, must be very small. A number sufficiently large to form 
even & thin bundle could hardly fail to be detected in longitudinal 
sections of flattened-out tissue. It is also certain that the main bulk of 
the stria terminalis in man is produced not by such arcuate fibres, but 
by the linear bulge of the thalamic fibre-bundles as they impinge upon 
the lateral edge of the thalamus. 

Much longer fibres than those which constitute the stria terminalis 
can be observed on the surface of the thalamus close to the stria. 
The thin superficial covering of fibres on the dorsal, posterior and 
inferior surfaces of the thalamus—the stratum zonale—may be peeled 
off with ease from the nuclear masses within. Ranson [23] has des- 
cribed such a long strand of tissue which he dissected away from 
around the thalamus, and which he called the Fasciculus thalamo-tem- 
poralis arcuatus. He gives, however, no account of the miscroscopical 
appearance of that strand, and its differentiation from the thalamo- 
temporal fasciculus described by Arnold is difficult. Serial micro- 
scopical sections cut in the longitudinal course of that band made in the 
present study show nowhere bundles of fibres extending from one end 
of the long strip to the other. 


THE ORBITAL AND PREFRONTAL THALAMIC RADIATION. 


The course of the fibres between the orbital and prefrontal regions 
of the cortex and the optic thalamus is quite unlike that of the other 
contingents of the thalamic radiation. From the prefrontal cortex the 
fibres at first curve downward and backward; from the orbital area 
they sweep upward and backward: Upon reaching the anterior border 
of the caudate nucleus, both sets of fibres curve abruptly upward, in 
front of and parallel to the outline of the nuclear mass for a distance of 
about 0'5 cm. In that situation the fibres contribute to the beginning 
of the subcallosal bundle. They are then gathered into thick strands 
which pursue a long downward and backward course through the sub- 
stance of the anterior portion of the caudate nucleus, the lowest of them 
bending over the anterior commissure (fig. 1). In their course through 


380  , ^ ORIGINAL ARTIOLES AND CLINIOAL CASES -` 


the nuclear mass the bundles divide and anastomose at’ frequent andi. 


. irregular intervals, so that this portion of the thalamic fan has the 


у "appearance of a coarse, crude network. It is important to understand, 
: however, that this repeated division and anastomosis. of the bundles 


takes place not only on a sagittal plane, but in a mesial direction as 


well. The consequence of this is that the mesially-bulging mass of the’ 


, caudate nucleus above the anterior commissure is filled by these 


thalamic bundles. Since the fasciculi are bént in a mesial direction, a 


‘number of them are cut obliquely in sagittal sections where they branch. 


І out from ‘their parent bundles, at the anterior and posterior borders of 


the head of the caudate nucleus. 

' Upon reaching thé anterior end of the lateral portion of the thala- 
mus, the thick bundles-break up into thinner fasciculi which pursue & 
parallel course for some distance and then diverge. Throughout their | 


` long ‘course these strands shów no tendency to break up into & brush- 


"Work of fibres, such as is the ‘case to a greater or less extent with the 


other contingents of the thalamic bundles. 
" "Té will be remembered that the anterior surface of the thalamus 
bears a rough resemblance to the narrower pole of an egg, in which the 


Е anterior nucleus is wedged in between the anterior portions of the .. 
' converging lateral and mesial nuclei. Below, the anterior portion of the 


“ventral nucleus is in contact with the lateral nucleus. The sagittal, 


a— 


sections studied are those contained in the lateral portion of the thala-. 
mus for a thickness of about 5 mm. These sections, therefore, contain 


' but-a, émall portion of the anterior and of the ventral nucleus—their 


most lateral portions. 
Léwandowsky's [14] researches tend to shaw that the anterior 


"huelóus of the thalamus has no direct connection with the cortex. His 


conclusion is corroborated by the results of the present study to the: 
extent that the thick bundles of fibres which are found in the anterior 


= portion of the thalamus on its lateral side trayerse this region without 


breaking up. This author is of the opinion, too, that there exists a 


pathway between the anterior nucleus of the thalamus and the sub-- 


thalamic body. As will be presently seen, the work of other investigators 


` in part contradicts this opinion. It has not been possible to establish 


in the present study whether such a pathway exists or does not exist. 
The longitudigal sections, however, do point to a possible sourcé of 
error in this connection. As the bundles, of fibres are traced in their . 


x longitudinal course downward and backward, a number . of them are ^ 
seen, „to impinge apon the capsule of the subthalamic body. Some of - 
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* these bundles become intermingled with the dense network of the 
capsule and are thus lost to ‘view ; others, however, penetrate the 
capsule and traverse the substance of the subthalamic body for some 
distance. In the space between the anterior portion of the thalamus 

_ and the subthalamic body these bundles diverge; they are, therefore, 

more and more cut up in these sections, so that upon approaching the 

. subthalamic body their continuation is indicated by a series of short 
strips (fig. 1, IX). In sagittal sections the subthalamic body appears 
filled with a multitude of islands of transversely cut bundles. In the 
midst of these, the short longitudinal strips of divided orbital and pre- 
frontal bundles become lost. Their further course was not ascertained 
in the present study. Since this contingent of fibres arrives at the 
subthalamic body by way of the:anterior portion of the thalamus, some 
of its most mesially lying strands might easily be mistaken for a path- 
way connecting the two structures. 

Such a connecting pathway between the subthalamic body and the 
-anterior nucleüs of the thalamus, is to a certain extent negatived by the 
observations of Roussy [24]. After having destroyed the greater portion 
y of the thalamus including the anterior nucleus in a monkey, he was 
‚ unable to find any trdce of degeneration in the subthalamic body. 

This observation of Roussy’s is incompatible with the picture 
presented by the sections in the present study. If bundles of con- 
tinuous fibres traverse both the anterior portion of the thalamus, and 
the subthalamic body, then their destruction between those points 
should be followed either by direct or at least by traces of retrograde 
degeneration in the subthalamic body. Yet in the experiment men- 
` tioned Roussy found the latter body to be intact. 

.. That the thalamic radiation contains both corticofugal and thalamo- 
fugal fibres, has been abundantly demonstrated by the researches of 
v. Monakow [17], Bechterew [2], Dejerine and Long [5], Probst [20], 
Roussy [24], E. Sachs [25], Fukuda [8] and a large number of other 
investigators. If those prefrontal and orbital bundles which traverse 
the subthalamic body in the human brain contain cortico-fugal fibres, 
then an injury to those portions of the cortex should be marked ' by 
tracts of degeneration extending into the subthalamus. ` 

v. Monakow [17] destroyed the greater portion of the cortex іп a 
new-born dog (Gudden’s method). Six months later an examination 
of the brain showed the thalamus very much reduced in size on. the 
injured side, but the subthalamic body appeared normal. 

After ablation, of the posterior frontal region of the dog’s cortex, 
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Bechterew [2] found degeneration extending to the subthalamic ù 
body.: ' | ; 

Of course, the posterior frontal region of the dog's cortex may not 
correspond to.the prefrontal area of the human cerebrum. Yet even во, 
the findings in the present study are more strengthened by the positive 


‚results in Bechterew's experiment than they are weakened by the 


negative results in Monakow’s case. The failure of development of a 
few strands of traversing fibres would probably cause too small a 
diminution in the size of the subthalamic body to be readily appreciated ; 
while the observation of tracts of degeneration in that body after a 
cortical injury establishes the fact that cortical fibres either traverse or 
end in that body. 

‘In the case where an old lesion involved all three frontal convolu- 
tions, Fukuda [8] found no atrophy in the subthalamic body. Whether 
this, too, should be discounted as a negative observation, or whether it 
signifies the fact that no fibres from the frontal portions of the cortex 
(as distinguished from the pre-frontal areas) pass into the subthalamic 
body, is for the present imipossible to say. А concluding remark by the 
last mentioned author, in connection with two of his cases, throws some 
light on the subject. “It is not clear,” he says, “ where the bundles 
derived from the basal convolution-complex ”-—the prefrontal at the 
base, which include the orbital—''go . . . They certainly have no 
connection in the thalamus proper. At most they may pass to the 


most mesial portions, the tuber cinereum or the central grey matter of 


the third ventricle. . . .” This investigator; then, must have followed 
these bundles through the thalamus as far downward and backward as 
he could before he lost sight of their course. 

My observations in the present study do not corroborate Roussy’s, 
[24] conclusion respecting the anterior thalamic nucleus as one of the 
sources of the anterior portion of thalamo-cortical fibres. Those lesions 


‘of the thalamus produced by this investigator, which involved the 
‚ anterior nucleus, were large. They extended into the lateral portion 


f 2 


of the thalamus and rather deep into its ventral and posterior portions. 
Fibres which may have their origin in regions behind and below the 
anterior nucleus would traverse it on the way to the anterior areas of 
the cortex, Thatlarge and numerous bundles do traverse the most latera] 
portion of the anterior nucleus, but which have their origin or their 
ending behind or below that nucleus is certain. If any of these fibres 
are thalamofugal, their destruction in their course through the anterior 


portion of the thalamus will be followed by their degeneration in a 


` 
x 


roe m , n 
4 


S # ` 
A STUDY OF THE CEREBRAL FIBRE SYSTEMS 388 


' direction toward the cortex; and „the impression produced may easily 

be in that case that the anterior nucleus is their source of origin. 
_  Afteran experimental lesion in the anterior portion of the thalamus 
in a monkey, E. Sachs [25] observed degenerated fibres between the 
anterior thalamic nucleus and the external, lateral or capsular side of 
' the caudate nucleus. In this case, too, a possible source of error must 
be pointed out. The orbital and prefrontal bundles traverse the antero- 
lateral parts of both the thalamus ‘and the caudate nucleus. These 
bundles contain a contingent of thalamofugal fibres. In a lesion of the 
anterior part of the thalamus, a certain number of the latter fibres 
' must, therefore, degenerate in their course through the lateral portion 
of the caudate nucleus. It will be remembered that while traversing 
the caudate nucleus, the bundles join and divide and join again in a 
multitude of ways. Points of degeneration would, therefore, appear as 
very much scattered in this intricate network, and difficult to follow 
"beyond it., | | | 

: TRACTUS SUBTHALAMICUS. 

A well-defined band of very fine fibres appears in these ‘sections 
‘immediately beneath the subthalamic body (fig.1, X). It lies embedded 
therefore, in the substantia nigra, at its highest and most lateral 
portion. In front the fibres become dispersed and lost in the caudo- 
putamen, immediately beneath the anterior commissure. Posteriorly 
its fibres are intermingled with the temporal thalamic fibres in front 

‘ of the transversely cut auditory tract. In a number of the more 
. «4 smesial sections the band appears to embrace and to merge with the 
auditory bundle. The nature. of this band of fibres has not been 
"ascertained. ; 
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I.—INTRODUCTION. 


WE owe to Head our deliverance from the chaos which existed 
with regard: to the afferent nervous system up to the time of the 
publication of his reconsideration of the distribution and function of 
the peripheral nerves. By means of investigations by measurable tests 
of each form of sensation, he was able clearly to demonstrate that what 
had been termed '' diminished sensibility " was really a state in which 
some forms of sensation had been lost whilst others were retained. He 
was able to prove conclusively that “parts which have universally been 
considered to be areas of diminished sensibility turn out to be totally 
insensitive to certain higher forms of stimulation.” In the study of the 
recovery of cutaneous sensation after suture of a peripheral nerve, he 
discovered two stages. During the earlier stage there was a gradual 
diminution in the area insensitive to pain produced by the prick of a 
pin, and to heat and cold, but the recovered sensibility was appreciably 
altered. The prick evoked a sensation which radiated widely and 
caused unnatural discomfort, and although the extremes of temperature 
could ‘be. appreciated no sensation of heat ог cold was induced by 
intermediate thermal degrees. During the later or second stage of 
recovery the affected part began' to become sensitive to light touch and 
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to degrees of temperature which induced sensations of “ warm” and 
“cool.” With further improvement it became possible to discriminate 
two points applied simultaneously, and the characteristic radiation of' 
the first stage gradually disappeared as more accurate cutaneous 
localization returned. i: 

Such observations during recovery after suture of a peripheral 
nerve demonstrated the existence of two systems in cutaneous 
sensibility, which Head named the protopathic and epicritic, and it was 
thought that the former system regenerated more rapidly and with 


‚greater ease than the latter. The crucial test of this division into two 


` 


‚systems was the classical experiment upon Head's own arm. In this 


experiment the radial nerve was divided at its origin from the musculo- 
spiral, and the musculo-cutaneous nerve at the point where it perforated 
the deep fascia, just proximal to its division into the two branches ' 


‘which supply respectively the anterior and posterior aspects of the pre- 


axial half of the forearm. Some days later it was discovered that, in 
addition to the larger area in which, except for the dissociation at the 
edges, there was a complete loss of cutaneous sensation, there existed 
a small triangular portion where normal sensation to light touches with 
cotton wool and Von Frey’s hairs was retained, but there was insensi- 
tiveness to the prick of a pin. The dissociation of the sensation of this 
triangle was the reverse of that found at the periphery of the larger 
area, where the prick of a pin was appreciated but there was no 
appreciation of light touches with cotton wool. The prolonged 
investigations of these complementary areas of dissociated sensibility 
established the existence of the two systems in cutaneous sensibility, 
and proved that these two systems were independent and did not 
depend upon simply a modification of the same system of nerve fibres 
and end organs. i | 

. To these two systems found in cutaneous sensation Head added à 
third, deep sensibility, which was capable of responding to pressure, 
passive movement of joints, and pain caused by excessive pressure. 
He found that a part endowed with only this third form of sensi- 
bility possessed not only the ability to recognize a pressure stimulus, 
but also the power to localize it with remarkable accuracy. Further- 
more it was decided that “the fibres subserving this form of sensation 


‘run mainly with the motor nerves, and are not destroyed by division of 


all the sensory nerves to the skin.” Our knowledge of deep sensibility 


. is based almost entirely upon an investigation of the residual sensation” 


in the experiment upon Head's own arm. The nerves divided in this 
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experiment were selected because it was thought that, since these 
nerves were usually considered as* purely cutaneous in distribution, a 
large area of skin would be rendered completely insensitive and yet the 
sensibility of the subcutaneous tissues would be undisturbed. Observa- 
tions will be advanced in this paper to show that it is anatomically 
impossible to isolate deep from cutaneous sensibility, and that, by 
employing methods which Head has used for the investigations of 
cutaneous sensation, it is possible to find after division of peripheral 
nerves at various levels most intricate types of dissociation in the 
various forms of sensibility grouped as “deep.” Furthermore, having 
obtained an insight into the production of these dissociations, it is 
practicable during regeneration after suture to recognize two systems 
in deep sensibility. 

My attention was directed to this subject during the progress of a 
study of the late results of secondary suture of certain peripheral nerves 
of the upper limb [7]—as the median and ulnar—since it became 
apparent that the sensory condition found did not conform with our 
present conception of the subject. The chief discrepancy had reference 
to deep sensibility, and most of the investigations recorded in this paper, 
are concerned with this aspect of sensation. It was discovered in some 
patients, after suture of the median, that all the muscles—when tested 
individually—had recovered voluntary power and yet the hand was of 
slight practical service when the patient attempted purposive move- 
ments necessary on his return to work. ‘These patients complained 
that they lost the grip of their tools, and on further inquiry 1t was 
found that they could use the hand fairly well as long as they concen- 
trated upon the movements, but it failed to function satisfactorily, as 
soon a8 they ceased to watch what it was doing. Several volunteered 
the information that the hand was useless in the dark or when they 
were unable to observe what they were trying to do withit. Such 
complaints were made by patients some three or more years after the 
performance of end to end suture, even when the cutaneous sensation 
had made a fair recovery and all the muscles, when tested individually, 
exhibited good voluntary power. It seemed clear that such a disability 
could only be due to a loss of afferent stimuli from joints, muscles, 
tendons and other deep structures. It was only practicable to investi- 
gate directly the extent of the recovery of fibres conveying sensory 
impressions from such deep structures as the joints. An investigation 
as to the sense of posture and the appreciation of passive movements in 
the finger and thumb articulations supplied by the nerve was carried 
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out and it was discovered that these were generally lost, or at the best 
very defective, even when fully three years had elapsed since the time 
' of the: suture. This loss of appreciation, or defective recognition, of 
passive movement in the joints supplied by the nerves was found 
irrespective of the level of the suture; although, according to Head, 
there would be no serious loss of deep sensibility after section of the 


‚ ' median or ulnar nerves low down, e.g., at the wrist. This inquiry 


. into the recovery after end to end suture of'afferent fibres from joints’ 
gradually directed me to the Ree recorded in this paper. 


IL—THE ANATOMY OF DEEP SENSIBILITY. 


By the subdivision of sensation into ER (epicritic and proto- 
pathic) and deep, we are at once confronted with certain anatomical 
difficulties, which are emphasized in the hand and digits where much of 
` the experimental work upon sensation has been performed. We cannot 
separate anatomically the fibres distributed to cutaneous and subcuta- 
neous structures of any sensory nerve, of sufficient size to warrant its use 
as a source of information about sensation.” No nerve trunk or branch, 


. of sufficient size to receive a name, has an exclusively cutaneous distri- 


bution. Myown clinical investigations prove that the radial [8], besides 
supplying skin is distributed to certain articular structures, and careful 
dissection of nerves which have unfortunately been described as “ purely ` 
cutaneous” will show that a large proportion of fibres terminate in. 

the subcutaneous tissues. Of course such a gross method of investiga- 
"tion as dissection does not give us amy information about the function 
of these fibres which can be traced into deeper structures, but in view- 
of the clinical findings after division of the radial nerve (which is usually 
:- designated a purely cutaneous nerve), we must not assume that any 
nerve, of sufficient size to justify its selection for experimental work 
upon sensation, is purely cutaneous until it-has been proved. In the 
courge of this work the extreme difficulty ‘of determining clinically 
‘whether the sensory fibres of a nerve are distributed solely to skin.or 
+ not has become manifest, the chief hindrance arising from the fact that 
, we cannot ascertain for certain whether some aspects of sensation are 
subserved. by fibres terminating in skin, or subcutaneous tissues, or 
both. This difficulty is well illustrated by localization. From the 
experiments upon localization it is clear that fibres subserving this 
form of sensibility terminate cutaneously and subcutaneously. It seems 
. possible from my own observations and those of others that discrimina- 
tion may be also served by both cutaneous and subcutaneous systems, ' 
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but there are even ‘greater technical difficulties to be overcome in 
making a decision with regard to: this form of sensation. At first sight 
the experiment upon Head’s own arm seems to establish discrimination 
as purely dependent upon a cutaneous supply, but it depends upon the 
assumption that the radial and the terminal branches of the musculo- 
cutaneous are purely cutaneous nerves, and since in a larger proportion 
I have found this not to be the case, the results cannot be accepted as 
proof that discrimination is only a cutaneous form of sensation. In the 
case of division of the median and ulnar it is clearly quite impossible to 
advance any proof with regard to this question owing to the complex 
anatomical distribution to subcutaneous tissues in this region. Whereas 
we know accurately the normal cutaneous distribution of the median 
and certain variations [6] in-its cutaneous supply, we find that the 
corresponding deeper tissues receive sensory fibres from at least three 
. sources. The subcutaneous structures of the palmar surface of the 

thumb, index and middle fingers are supplied from the median nerve 
direct by means of the digital branches, and from branches arising from 
the main trunk proximal to the.wrist which probably run chiefly with 
the muscular branches, and so pass to their distribution along tendons. 
The subcutaneous tissues of the palm corresponding to the cutaneous 
distribution of the median are supplied, first by branches from the 
nerve itself as it breaks up in the palm, secondly by branches which 
pass down with the long tendons, and thirdly from the deep branch of 
the ulnar or perforating branches of the radial or both. The latter two 
possible sources of sensory fibres are shown by the fact that even after 
division of the median nerve in the upper ‘arm, pressure and often 
pressure-pain can be recognized over the whole of the palm in some 
patients, and in all over a considerable part of the palm; and similarly 
after division of both the median and the ulnar in the arm contact and 
pressure pain are appreciated over part of the palm, especially on the 
outer side. 

The distribution to subcutaneous tissues in the case of the ulnar is 
not quite so complex, but sufficiently intricate to make it impracticable 
to isolate it from the cutaneous supply. In the hand deep sensibility is 
only in part subserved by fibres which run with muscular branches, 
since ‘the digital nerves—which are generally regarded as cutaneous— 
definitely supply the articulations [8]. One form of sensation included 
under the term of déep sensibility is therefore invariably affected by 
division of the médian or ulnar, whether the section of the nerve occurs 
at the wrist or in a more proximal part of the limb. 
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: "The T€ loni ia of the sensory ER to the 
* subeutaneous tissues of the hand makes if exceedingly difficult to 
. investigate what has been termed deep sensibility; it is not accurate to 


E s it as the residual sensation after division of a purely cutaneous 
nerve unless we are certain that a nerve so designated has solely a 


- sensory distribution to skin, and from the results recorded in this paper 


4 


ГІ maintain that we cannot so adjudge the E nerve. Most ana- 
tomical) text-books describe. the “radial as “purely” or “solely” 
cutaneous, but it seems evident that in the past anatomists have 
designated nerves as purely cutaneous on insufficient evidence. This 
appears to have misled Head and his co-workers into the belief that in 


‘a human experiment in nerve: division" only cutaneous sensation 


_ was destroyed, and deep sensibility persisted undisturbed. 


From these conclusions it would’ appear that any division of 


. sensation into cutaneous and deep must be regarded as artificial, and ' 


‚is apt to be misleading when applied to clinical work owing to the 


complex anatomical ai of кау fibres to the subcutaneous 


` пана: 


‚1 


IT. Term NORMAL ANATOMICAL DISTRIBUTION OF AFFERENT NERVES 


ГА , 
.TO THE INTERPHALANGEAL AND METACARPO-PHALANGEAL JOINTS. 


nofmal distribution of peripheral nerves to. the interphalangeal and 


metacarpo-phalangeal joints. Consequently it became necessary to diš- ' 


cover precisely the normal distribution of the various nerve’ trunks to 


_ the joints, in order to be able to estimate accurately the recovery which 


had occurred. The details of this part of the work have already been 
fully:recorded in в recent paper [8] and it is ‘necessary only to summarize, 
-the conclusions bearing upon deep sensibility. à 

In all fifty-one patients were examined and they were selected 


.. because it was known that a complete ‘division of definite peripheral 


~ 
r 


| . After.a few patients had been examined with reference to the extent | 
of the recovery of sensory fibres supplying the articulations of the digits, 
.& difficulty presented itself owing to our imperfect knowledge of the” 


nerves of the upper extremity existed. Any patient manifesting such - | 


ee as division of tendons or limitation of ad of jue 
. Was disregarded for obvious reasons. 

. The examination was first made on the normal side in ME io 
make the patient quite familiar with the method and. what was expected 


` of ` him ; none to-provide a standard and control for comparison ;- 


\ ( 2 X 2 t 
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and thirdly to enable me to test the reliability and attention of the 
patient! It was surprising how few patients had to be discarded as- 
unreliable when sufficient time was taken to make quite clear to them 
what was wanted, and enough patience was expended. A relatively 
large number, who were otherwise suitable, had to be omitted on 
account of arthritic adhesions. , Each segment of the digit, above and 
below the joint to be examined, was grasped firmly by the lateral 
borders and then the joint was gradually and evenly flexed or extended. 
The segments of the digit must be grasped firmly, as Head [8] has 
pointed out, so that the additional pressure required to move ¢he joint 
shall not be distinguishable and thus lead to the recognition of move-+ 
ment from impressions other than those arising from the articular 


'; structures. The movement of the joint must also be made as far as 


possible at auniform rate and not too slowly. The patient was requested 
to state when he first felt any movement, and on answering was further 
asked at which joint it occurred, and also the apparent direction of the 
movement. The latter two questions were soon found to be of funda- 
mental importance for any accurate investigation of the appreciation of 
passive movement in a joint, since it was discovered that patients were 
able frequently to recognize movement of a particular digit without 
possessing any knowledge of the joint at which it occurred or the direc- 
tion in which it moved. Quite early in the investigation it became 
manifest that this recognition of mere movement of a finger was 
obviously dependent upon alteration in tension or position of the tendons 
| (and consequent stimulation of the nerve endings in relation to them), 
and did not arise from any stimulation of afferent terminals in the 
‘bones, cartilage, and capsule.of the joint. Several patients informed 
me that they felt the movement of something at the wrist and knew it 
was pulling on a finger, but were quite unable to discover from the 
sensation aroused at which joint the movement took place. Fortunately 
this source of fallacy was discovered at an early stage in the investiga- 
tion, and errors arising from it were consequently prevented. From 
a review of other work on this aspect of sensation it seems possible 
that fallacies: may have arisen in the past from this cause. 
| Another source of possible error, which was soon determined, arose 
from the difficulty patients had in expressing the joint at which the 
movement was experienced.: Such a term as “first joint” was apt to. 
be misleading, since some referred this to the metacarpo-phalangeal 
articulation, and others to the distal interphalangeal. Consequently it 
was found’ necessary at the outset of each examination to have a clear 
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understanding with the patient ag to the terminology he adopted for the 
various joints. The results of this anatomical inquiry into the normal 
supply of the afferent fibres to the interphalangeal and metacarpo- 
phalangeal joints are summarized in Table I, but it must be understood 
that the percentages there stated can be regarded as only approximate, 
since only fifty-one patients were examined. | 

The most surprising result found in these examinations was that no 
difference in the extent of the loss of the recognition of posture and 
appreciation of passive movement was produced by section of the nerve 
under inquiry at different levels in the limb, a precisely similar distr- 
bution being found whether the nerve was severed in the uppet arm, 
forearm, or at the wrist. In seven patients (median four, ulnar two, 
median and ulnar one), the division was at the wrist, and there had 
been no division of tendons, yet the loss of appreciation of passive 
movement was just as widespread and as profound as when the nerves 
had been divided in the upper part of the forearm. In twenty others 
the division had occurred in the forearm, and in a number of these in 
its distal part. The patients in the latter category did not manifest 
any loss of the recognition of pressure, yet the loss of appreciation of 
posture was just as extensive as after section in a more proximal part 
of the limb, even where one or more digits were completely anæsthetic 
to all forms of stimulation. 

It is of particular importance to notice the condition found in 
fourteen patients in which the musculo-spiral had been severed, since 
the study of these patients really resolved itself into an investigation 
of the distribution of the radial and lower external cutaneous branches 
of this nerve to the joints. In two the recognition of passive move- 
ments appeared to be perfect in all the joints, but in the other twelve 
one or more articulations of the thumb or fingers were affected, and 
the extent of this distribution was found to be subject to consider- 
able variation. It will be remembered that there was no dis- 
turbance of the perception of passive movement in Head’s historical 
experiment upon which depends our present knowledge of deep sensi- 
bility’; and it seems possible, from the fact that a similar result was 
` found in only two patients out of fourteen, that this form of distribution 
is the exception rather than the rule. Furthermore in view of the 
evidence of the very frequent presence of sensory fibres in the radial 
for the supply of certain articulations of the digits, it is no longer 
possible to regard the radial as a purely cutaneous nerve. 

In the course of this study a very intimate relationship between 
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the variations in the cutaneous (epicritic) and articular distributions of 
the various nérves was observed, and this is illustrated in fig. 1:—. 





= = Complete loss of appreciation of passive movement. 
ms — Impaired recognition of passive movement. 
„a = Extent of anesthesia to lightest possible stimulations, 


7 . Type = 1 patient. Type Æ = 1 patient, 
d ». B= 4 patients. » F = 1 patient, 
» О =8 patients. » == [1 patient, * 
y! ө, D = 1 patient. 


Fie. 1.—To show the intimate relationship between the outaneous (epicritic) and 
articular distributions of the radial nerve. р * 
‚ ‚+ The loss of the appreciation of passive, movement in the joints of 
‘the. digits which exhibit no anesthesia to tactile pressure is at first 
, sight rather mystifying in view of our present conception of the path- 
‚ way for the deep afferent impressions, 1.е., along rerve-fibres which run 
‘chiefly with muscular branches and’ so reach the articulations by the 
way of such channels as tendons and blood-vessels. This view must 
largely disregard the digital branches of such nerves as the median and . 
‘ulnar as a source of‘articular branches to the interphalangeal and 
_metacarpo-phalangeal joints, and yet a simple dissection of these 
. branches will demonstrate clearly fine filaments which pass to the 
. periosteum of the phalanges and to the interphalangeal articulations. 
“16 may be presumed that these branches from the digital nerves are 
" either afferent or vasomotor in function. The results found in the 
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clinical examinations just recorded of patients suffering from division 
of the median or ulnar at the wrist, uncomplicated by any injury to the 
tendons, appear to: show conclusively that some of these filaments are 
afferent in function and transmit information which enables us to 
appreciate the site, direction, and range of passive movement. Since 
the extent of the loss of appreciation of passive movement was not 
- altered by the anatomical level of the section of the nerve, it appears 
that few, if any, fibres subserving this form of deep seneibility run with 
the branches to forearm muscles, the tendons of which are inserted into 
the phalanges. Several patients suffering from division of the median 
or ulnar’ at the wrist were able to recognize “movement” of a 
particular finger, probably as-a result of alteration of tension or position 
of the long tendons; but it was clear that this knowledge was not 
produced by stimulation of afferent terminals in the neighbourhood ‘of 
the joint, since some of them explained that they felt “the pull at the 
wrist, and so “guessed a finger was being moved.” None of these 
` were able to recognize at which joint the movement occurred, or in 
what direction it was made. 

‘These conclusions have been verified upon a number of patients 
examined three or more years after suture of the median or ulnar 
nerve at the wrist, who at the best still exhibited very defective 
. recovery of the appreciation of passive movement in the joints supplied 
by the affected nerve. From these investigations it appears that the 
digital nerves are the-only important source to the joints of branches 
which transmit impulses that enable us to ins position and 
movement. 

On applying this knowledge to the examination of large numbers of 
patients upon whom end to end suture of the median, ulnar, or musculo- 
spiral nerves had been performed, it was found that this form of 
sensation, irrespective of the level of the suture, failed to show any 
signs of recovery until a very late stage—a time when there was 
evidence of return of epicritic sensibility. 


IV.—LOGALIZATION. 


The findings with regard to spacial recognition in three dimensions 
led meto investigate other aspects of deep sensibility. 

At present it is believed that pressure is localized with remarkable 
accuracy even when there is a complete lose of cutaneous sensibility, 
and it is surmised that this form of sensation is dependent upon 
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- afferent fibres "which тай i muscular, seuls, and bone 


branches. 
Hitherto, no perfectly Еа, ава fo? testing ` Шашы 


.. tactile localization has been evolved. Most, methods now in use only 
. demonstrate very gross defects, and fail to furnish measurable results. 


'- The tests most frequently adopted in the, investigation of tactile. 


„ exact ‚point touched.’ After a sufficient number of points had been. 


Y 


‘localization only “show such а, gross error as failure to recognize 
К correctly the segment of the digit upon which the pressure has been 


applied—a, defect ‚which I have found ‚to occur several times. in 
apparently normal individuals [9]. Consequently an effort was made 


to discover some method which would supply more accurate. informa-' | 
‚ tion about the power of localization, and also provide measurable results. 


The method found to be most serviceable and’ practicable was & slight 


‘modification of that described as Henri’s, but, , unfortunately, it has not. 
been, possible for me to procure the original description of his method. - 


The patient, having the part to be tested obscared from his vision, 
marked upon a life-sized diagram the position of the point judged to be 
stimulated, whilst the observer recorded.on another similar diagram the 


localized, the two, diagrams werg superimposed and the two points 


' «recorded in each test were marked on oné diagram—in different colours 
ох by distinctive signs, and then the error in each case was measured 


- off with a millimetre scale. From these. méasurements, if a sufficient 


| E ‚ number of points had been localized, the average error for the whole 
d or ihdividual parts—as each digit—could be determined. In the latter. 


part of the investigation only ‘опе chart was used, ‘the observer 
recording the exact point stimulated after the person examined had 
marked the point where he felt the stimulation ; and this simpler 
protedure proved as successful, and apparently ` as reliable, as the more 


*. tedious original form. - T 


r 


, Using this method, which possesses the ‘great advantage of giving 


measurablé results, the following experiments were performed :— 
| ‘Experiment 1.—This series, in which ten members of the medical ; 
profession provided the subjects for examination, was undertaken at the 
‚ | outset for two principal reagons. In the first place it was thought that | 
': any possible fallacy due to unfamiliarity with the‘ diagrams would be 

‘reduced to a minimum; and, secondly, such a series would provide 
‘ valuable information with regard to the introspective aspect of this 
`. form of sensation. ‘The tactile pressure was made by a blunt instru! .. 
“ ment about 0°2 cm. in diameter. The. palmar and dorsal surfaces of 
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each hand and digit were explored i in im. Twelve ‘stimulations were 
made on each surface, eight or nine of which were on the digits and the 
rest on the palm or dorsum of the hand. The average error for the ten 


: subjects was found to be 06° cm. for the palmar and 0°5 cm. for the 


‘ 


dorsal surfaces of the right hand and fingers, and 0°5 cm. for both 


' surfaces of the left hand’ and fingers. 


‘Experiment 2.—In this series, ten non-medical people were ex- 
amined and ‘only the palmar ‘surface of the two hands and digits 
explored. The ten were composed of clerks, departmental stewards, 
porters, and second- -year students. The same number of stimulations 
were made, and-the same proportion on the hand and digits, by the 


' same instrument as in the previous experiment. The average error for 
the ten was 0'6 cm. for the right hand and 0'7 em. for the left. The 


close similarity in the results in the two experiments is rather remark- 
able, and shows that any error due to, unfamiliarity with the charts, at 
any rate for the palmar surface of the hand and digits, must be very 


: slight. This conclusion was confirnied by a large series of tests carried 


out upon pensioners under my charge, in whom an average ‚error of 
O: 6 cm. was found for the о surface of the hand ага digits on 
both sides. 

, Experiment 3.—This series was undertaken to discover the normal 
average error for the individual fingers and to find out if there was 
normally any definite variation in the power of localization in the 
different fingers. Two people were chosen from each of the former 
experiments and' twelve pressure stimulations (six on the palmar and 
six on the dorsal surface) were made on each finger of right hand. As 
' fat as possible two stimulations were made on both surfaces of each 
| gegrhent of a finger. 

The average error for the four persons examined was found to be 
0`4 cm. for the index, middle, and ring fingers, and 0'3 cm. for the 
little finger ; from which if appeared that the power of localization did, 
not yary to any obvious extent in the four fingers. 

"Further details and tables showing individual errors in these three 
experiments are given in the paper previously referred to. ' 

Experiment 4,—From ‘the results which were being found on 
applying this test to patients suffering from division of peripheral nerves, 
dt was decided to perform a series of tests using as a stimulus a hair, 
which could not possibly stimulate any but cutaneous nerve terminals. 
For this investigation three medical people were chosen from those used 
in. Experiment i and a similar number from: the non-medical group of 
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Experiment 2. ` The same number of stimulations. were made with 
the hair as in the former experiments where pressure had been used as 
the stimulus, and the conditions under which the tests were performed . 
were identical with those of the previous experiments. It was found ' 
that: a purely cutaneous stimulus could be localized very accurately ; 
“in Table II the results are compared when using a hair and when using 
pressure with an instrument 0'2 cm. im diameter. The lattet records 
‚had been taken some weeks previously. | 


TABLE II. 
Right Hand ' Left Hand 

В Har : Pressure Hair Pressure 

SL. ‘5 cm. А “4 om. _.. "I om. `6 om. 

5 SJ. 5 ” “T И] oe i 7 ” | Bl 
и BAL, 6 10 » 5 ” 8 эз | 

t7 AFOD,' 5, 5, ә! 4 „ 6 ,, 

. AG 6 ». To st Tos A axes 

. RF. 5 39- 5 LL 5 ” 5 LE 

- Average Б, 85 6 » 6 ,, 


From these results it will be seen that accuracy of localization is 
practically the same, for either a purely cutaneous stimulus or pressure, 
in individuals with normal sensation. 

It is of interest to notice that in the observations made upon Head’s 

. hand [5], it was found that accurate localization-of cutaneous stimuli 
did not. return until the skin was Rae to tactile hairs Bier 
. Shaving. i 
' Experiment 5. —After the former more or ise preliminary experi- | 
ments, which were undertaken chiefly to gaih experience and establish 
' the normal degree of error in localization, had been carried out, the 
pressure test was applied to twenty patients who were known from 
surgical observations to have suffered from division of one or two’ peri- 
+ ‚pheral nerves of the upper limb at various levels. A similar number of 
. stimulations as in Experiments 1 and. 2 were made over the region of 
; the cutaneous distribution of the affected nerve and, for Comparison, 
“lon the, normal part of the same hand or a similar fegion on the 
\ unaffected’ hand. Stimulations were made with the same instrument | 
„ as that used in the other experiments. In ten patients, the observa- 
tions were taken: shortly after the performance of secondary suture of 
- the” injured nerve, at & time too early for any regeneration to have . 
occurred. The results are tabulated in Table III. ~ 

: The average error for the ten patients over the cutaneous’ field 
_ of the sutured nerve was 1`4 cm., » Whereas on the normal part it was 
0:6 cm, : 
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TABLE III.—LOCALIZATION (PRESSURE) TESTS, AFTER COMPLETE Nerve Division AND 
^ SUTUBE AT A TAE WHEN NQ REGENERATION HAD OCCURRED. 


\р ve ^ Average error for Average error for 
tient Nerve Site of suture localization over area localization over 
$ 1 of epicritic loss normal area 
T. B. Median ^ Upper forearm 1:2 '6 
J. D - Median Я Middle of forearm l4 `5 
H. 8. Musculo-spiral Elbow | 11 “4 
T.M. Ulnar Middle of forearm 17 7 
А.М. Median, — , Middle of forearm 10 5 
N. D. . Ulnar “Middle of forearm 1:3 4 
Е J.J. T. Median Arm 1:8 6 
. AL. B. Ulnar Elbow : ‘ 11 `6 
J. T. 8 -Ulnar Lower forearm . 19] 8 
\ F.8 Ulnar * Middle of forearm 1:2 ‘8 


‚In the case of T.M. two stimulations on the little finger had to be 
. left out of the calculations since he said he was unable to place them; 
he knew one was “somewhere” on the little finger, but the other 
seemed “ somewhere ” on the inner part of the hand. 

In seven other patients the investigation of localization was made 
after protopathic sensibility had made a complete recovery, but before 
there was any reduction in the'loss of epicritic sensibility. The results 
of this set- are recorded in Table IV. 


at y 


Taro IV.—LooALIZATION (PRESSURE) TEST, AFTER OOMPLETE NERVE DIVISION AND 
Surure, WITH RECOVERY or PROTOPATHIO SENSIBILITY AT Тімк'ОР OBSERVATION. 


Й Average error for , Average error for 

Patient i Nerve Site of suture localization over area localization over 
of epicntic loss — . normal area 

B.K. Medianandulnar Wrist 14 `9 
A.N.K. , Ulnar Elbow А 14 5 
8.0 Ulnar Middle of forearm 1:4 5 

! J. R. M. Ulnar Upper forearm | 1:6 5 
О.В. ^ Median ' Middle of forearm l4 2 8 
V.P, Ulnar Lower forearm 8:0 5 
T. T P Median Lower forearm 11 Б 


The average error for the seven patients over the area of epicritic 
loss was 1'6 cm. and over the normal part 0'6 cm. This series shows 
that the error in localization is not diminished during the recovery of 
protopathic sensibility. - In two additional patients considerable time 
had elapsed since the performance of the suture and some recovery of 
epicritic sensibility had occurred, as well as the return of protopathic 
sensibility. In both patients gross errors were found with the compass 
test..over the cutaneous distribution of the nerve, although this was 
‘sensitive to the lightest application of a camel hair-brush. The findings 
of these two patients are shown in Table V. ` 

‚It is of great interest to notice that in both patients the remaining 
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deficiency in S RGBSRHOR affected disctimination, localization, rand the 
recognition of posture and раене movement. in‘the joints supplied by, | 
. the nerve. 


$ ` . 
TABLE У. RENNER (PRESSURE) Tuer, AFTER Couriers NERVS hys AND ботокв, 
: WITH RECOVERY OF PROTOPATHIC AND Farran Recovery or EPIORITIO SENSIBILITY 
К AT TINE or OBER TABOR: 


, a 7 : Average error for’ ` Asics erıor for, ‘ 
Aur Patient . ‘Nerve Bite of suture * localizaticn over area localization over 
: N А of partial epicritic loss normal area’ 
W. H. Ulnar . Arm i ‘1-0 7 : 


IT. NT W. Median ^ Upper forearm ' 13 9 


"In one other patient the only evidence of any regeneration of afferént 
, fibres was & slight recession of protopathic loss, although four years had 
élapsed since the time of the secondary suture of the median, and the ' 
„error in 'Tocálization. for the anæsthetic area was 1:2 cm., whereas for the 
normal part it was 0'4 em. ” 

` By the application of this method of ceasing localization, which gives.. 
megsútable results, to patients known to be suffering from. division of 


Req 


. peripheral nerves, ‘it is shown that,:contrary to the present view, e 


accurate tactile localization is not present even when the pressure is 
sufficient to stimulate the deep afferent system. It is difficult to decide 
, +’ whether the defective power of lôcalization in these twenty patients was 
" "due to loss of cutaneous or subcutaneous nerve terminals, or both, sinde 
‘pressure may stimplate both, and although in eighteen of the patients : 
_ the skin was ansesthetic, we have no accurate anatomical or physiological 
‘information about the ‘fibres of the median or ulnar distributed to sub- 
^ cutaneous tissues. ` peg 

' Experiment 6.— Head [5] has stated that “ loculization is in all 

_ Ptobability the sum of two sets of sensation, one of which arises from · 
a deep, the other from cutaneous stimulation.” ‚The ‘foregoing experiments ` 
“> are in perfect agreement "with this contention, but it'is difficult to decide . 
' whether the errors in localization in Experiment 5 were due to the 
loss of cutaneous sensation only, or to a disturbance of the deep system | 
in-addition. The power of localization which remains, in the patients 
р used in Experiment, 5, must bé entirely dependent upon the deep ' 


system, but for the anatomical reasons stated in an earlier section, we · 


cannot claim that it represents the normal power of localization served 
` by. fibres terminating in subcutaneous tissues. In an endeavour to 
arrive more closely at a correct conception of the part played ру- Ње 


3x 


“ cutaneous and deep systems, several preparations were applied to, the | 


ER unbroken skin in an attempt to obtain an uncomplicated cutaneous 


n ' 
N + 


X 


t 


N 


A NEW CONCEPTION OF THE ELEMENTS OF SENSATION 401 


anesthesia. None of these gave а satisfactory anesthesia, until on the 
suggestion of my colleague, Professor R. B. Wild, a 10 per cent. 
solution of cocaine hydrochloride in chloroform was used. With this 
it was generally found practicable to get an almost complete cutaneous ' 
anæsthesia of a small area in about ten to fifteen minutes. The 
"solution was applied to the dorsum of the left index finger in three of 
the subjects used in Experiment 3. When-the skin was tound, by 
` testing with a wisp of cotton wool, to be satisfactorily anæsthetized the 
examination of localization was made by eight pressure stimulations. 
At a later date the normal power of localization of the same part was 
tested by eight pressure stimulations. The average error for the eight 
stimulations, in the three subjects with and without cutaneous 
anæsthesia, are shown in Table VI. 


TaBrz VI. 
À Normal average Average e1101 with 
, error cutaneous anesthesia 
8. 1. "8 om. T “+ om 
AFOD 2, 2 ,, 
S. J. 2 » 8 13 


It will be seen that in the three subjects the power of localization 
was almost as accurate when there was cutaneous anesthesia as 
normally. It is only possible to anæsthetize satisfactorily a small 
cutaneous area and this may be raised as a criticism, but although only 
the dorsum of one finger was examined the result of the experiment 
strongly favours the presumptions that :— 

(1) Accurate localization is possible through ‘the deep system alone. 

(2) Since the errors in localization in the twenty patients examined 
in Experiment 5 were gross, there was a disturbance of localization 
through the deep system and the errors were not dependent upon a loss 
of cutaneous localization. 

In several of the patients examined in Experiment 5 the division of 
the nerve occurred at the wrist or in the lower part of the forearm, and 
‘there was an average error of twice the normal. Therefore we may 
suggest with some confidence that accurate localization through the ” 
deep system alone is disturbed by a section of the median or ulnar at 
the wrist. 


V.— PRESSURE PAIN. 
{ 


To investigate deep sensibility further 16 was necessary to test that 
form of sensation which is now well known as pressure pain. 
For this purpose an algometer was made for me simular to that usod 
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- by Rivers [3]. From some кавы tests with the instrument it. 
Є became clear that certain technical difficulties in its use were to be 
overcome, and it appeared necessary to carry out at the outset some 
experiments upon normal individuals in order to establish a standard 

` procedure when using the instrument upon patients. 
| Experiment 1.—These preliminary tests were made upon six normal 
individuals, three on the right hand and three on the left, and'in each 
` the' pressure’ was applied at eight selected points which are shown'in 
fig. 2.. At each point three readings were taken, and it was soon found 





Fra. 2.—To show the position of the eight selected points used i in кшн 1 
(pressure pain). 


. that the second and third readings ought not to be taken over the, exact. 
"point of the former, since repetition of pressure over the same spot 
resulted in pain being experienced with much less pressure than on 
the previous occasion. -/ Inequality in’ the three records in the same 
‘neighbourhood was found to be. due to differences in the rate of 
application of the pressure ; it was theïefore necessary to apply the 
pressure evenly and slowly, which is by no means easy, and some of the 
‚greater differences in the three readings may be: due to this cause. A 
* third ‘cause of difficulty was due to the personal factor, as it was not.’ 
always possible to get the person examined to indicate at once the 
‘onset of the painful element in the sensation aroused by pressure. In 

-~ the first series, several informed me that there was a great tendency to 
compare a second experience of pain with the first, which -tended to 
distutb their judgment. These sources of fallacy make it important, 

_ as Head as already stated, to take at least three readings at each 
point: 3 ; 


H 
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The results of the investigation of the six normal individuals are 

given in the Table VII, which shows all the ‘three readings at each of 
. the eight points. 


| A 
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TABLE VII.—To sHow THE AMOUNT OF PRESSURE REQUIRED TO INDUCE Pam, at EIGHT 
BELECTED POINTS ON THE HAND AND DIGITS, IN Sıx NORMAL INDIVIDUALS. 


© 
© 
2 
© 
© 


"ge 
со 


A B o D E F G H 

{260 825 150 125 800 2650 100 -75 

S.J. 4276 300 125 1:25 900 2:50 76 "Ib 

- (2 60 350° 1:95 150 260 2-50 1:25 1:00 

2-50 950 1-50 50 225 900 50 26 

G.M. D. 1900 2:25 1% 50 100 1650 75 “25 
176 175 200 7 195 115 25 "2b 

275 — 2-00 195 100 1:00 . 1:00 25 5 

- D.S. 4.200 250 100 75 1:96 "i5 25 "I5 
100 250 . +76 75 2150 — "75 26 '25 

2:95 9956 195 100 175 900 200 175 

В.Е. 1995 100 1450 . 1:95 17 150 22 -50 
175 175 ‘1: 1:60 , 195 17 195 

1:50 200 - "25 

175 2-00 1 : :25 

175 150 5 1-00 _ ‘50 

275 850 150 225 275 250 9795 2-25 

H.G/ 42:50 800. 1:50 225 - 250 275 2:00 295 

s (276 8:26 225 275 ' 275 975 2:00 225 


s 
The results of this experiment brought out the following infor- 
ination :— | RL 
(1) Greater pressure was usually required to produce pain in the 
thenar and hypothenar regions than at the other points tested. 
(2) Less pressure was required at the base of the clefts between 
the fingers than over the palmar surface of the proximal segment of 


©: the digits. This'is presumably due to the exposed position of the 


‘digital nerves as they divide in the region of the clefts into branches 
for the adjacent sides of the neighbouring fingers. 

(3) With a single exception, less pressure was needed to induce pain 
over the palmar surface of the distal segment of a digit. than over its 
` proximal segment. | 
Experiment 2.—With the knowledge and experience gained from 
` this preliminary investigation of pressure pain, the test was applied to 
a number of patients suffering from division of the median or ulnar 
nerves. To simplify the presentation of the results of this experiment 
- only the average of the three readings at each point is recorded, and 
for ease of comparison the results of five typical tests are represented 

in a diagrammatic form (figs. 3, 4 and 5). As in the former experiment 
` the pressure required to induce pain is recorded in kilogrammes. 
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' Fic. 8, 5, —Division of median and ulnar nerves in arm. 


Crosses = analgesia to prick of pin. 
Thick line = anesthesia to hghtest applications of fine brush. 
Shading = complete sensory loss. 





Fig. 4.—Division of ulnar nerve in upper forearm. 


Grosses — analgesia to prick of pin. 
Thick line = anesthesia to lightest applications o? fine brusk. 
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Fia 5, 4.—Division of ulner nerve in lower forearm. 
Thick line indicates anmsthesia to lightest applications of fine brush. 





. Fra. 6, B.— Division of median nerve in arm. 
Thick line indicates anesthesia to lightest applications of fine brush, 
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, By these experiments it was found :— 

(1) That it was distinctly easier to test pressure pain on the abnormal 
than on the sound side. This was due to the fact that when testing 
over an area where epicritic sensibility was lost, the patients could more 

.readily recognize the onset of the painful element since it commenced 
abruptly and rapidly became intensely painful. Several patients told 
me that they Ьай по doubt on the affected side, whereas on the sound 
side they were often in difficulty as to when the pressure became 
-actually painful. As Head found, several expressed fear at the applica- 


tion of pressure on the affected side, and this, together with the 
BRAIN— VOL. XLY. | 28 
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éxperience that on this ‘side ‘the pain quickly: NUN intense,” muy 
have caused, in some of the tests an abnormally , low reading on the 
'affected side. 

‘(2) In those patients ‘where the RUE of the nerve was in the 
distal part of the limb and, there was no absolute: sensory loss, the 
readings ‘on the affected side tended to be definitely lower than on the 
sound side. à 

(3) In some patients with division of the median in the middle of 
the forearm, i.e., proximal to the supply of that portion of the flexor 
sublimis digitorum which flexes the index finger and distal to the origin 
‘of, the anterior interosseous nerve and branches for the supply of the 
main flexor mass, considerably more pressure was required on the index 
‚ой the affected than on the sound side. These results pointed to a disturb- 
‘ane, but not complete loss, of this form of sensation in the index after 
division, of the median proximal to the origin of the most distal branch 
tothe flexor sublimis digitorum, and, indicated that some fibres for this 
form of sensation in the index were transmitted by this muscular branch, 
‚and probably extended to the digit along the tendon. Similarly, after 
division of the ulnar in the upper part of the forearm, ‘although the 
inner, part of the flexor profundus digitoram was capable of voluntary 
action, higher readings were sometimes found on the little finger on the 
affected side than on the sound side. It is not so easy to give an 
‘anatomical reason for this occurrence, which i is found only in a propor- 
tion of cases of division of the ulnar in the forearm and is nothing like 
‘so constant as the similar condition just described in the case of the 
‘ median, but it may be due to the occasional appearance of an extra branch 
to the flexor profundus digitorum in the lower part of the forearm. 

‘The associated demonstrable disturbance of the appreciation of 
contact in these cases will be referred to in the next section. 

(4) In the patients examined during recovery, ‘when there was a 
‚complete return of protopathic sensibility (fig. 5), the readings at all 
points on the affected side were lower than on the normal side. ‚ This 
was found even over digits that at the outset had exhibited an absolute 
sensory loss, or which originally had given a higher reading. These 
results indicate that the recognition of pressure pain returns at an early 
stage in recovery, at the same time as protopathic sensibility. ‘It is 
also significant that in cases of- only partial recovery of sensation pres- 
sure pain like protopathic SOBRIDHTR is is one of the most constant to 


manifest. some improvement. , А 
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VI. —RzobeRrrION ‘OF THE * 5 Соўтлот" OF TACTILE PRESSURE. : 


. In-routine examinations ‘of patients! suffering from injury to, or 
disease of, the peripheral nerves, this aspect of deep sensibility is 
usually the only“one tested. Consequently if the patient appreciates 
everywhere the contact of some instrument, as the head of a pin, “no 


.loss of deep sensibility” is generally recorded in the-notes. It does 
~ not seem to have been realized ' previously that the various forms of 


sensation grouped together as deep: sensibility may be dissociated, and 
this, together with the widespread belief that deep sensibility is practi- 
cally éntirely transmitted by afferent fibres which run with motor 
nerves and reach their termination by accompanying such structures as 
long, tendons, has been responsible for the confidence with which 
observers ‘have been :content to investigate simply the nen of 
contact as the standard test for deep sensibility. 

As isto be expected this form of deep sensibility is dais appreciably 
affected in lesions in the proximal part of the limb, i.e., above the origin 
„of the supply of branches to the long flexors of the digits. There is no 
doubt that mere recognition. of contact is chiefly transmitted by afferent 
fibres which run in the branches to the long flexor muscles of the digits. 


In this respect it is instructive to refer to the fairly constant occurrence 


of complete anæsthesia of the distal part, and sometimes the whole of. 
, the palmar surface of the index finger after complete division of the 
“ median in the middle third of thé forearm, although the division occurs 
- distal to the origin of the main,branches supplying the flexor sublimis 
digitorum and the anterior interosseous nerve. This is apparently due 
to the origin from the median trunk in the lower third of the forearm 


“of а branch which supplies that portion of the flexor sublimis digitorum _ 
which flexes the proximal interphalangeal joint of the index finger. 


From a study of the number of patients with division of the median in ', 
the Upper part of the forearm, where the precise anatomical level with ' 
regard to the origin of branches had been defined at operation, I am 
` inclined to.the view that а greater, proportion of ‘afferent fibres pass in 
the branches to the flexor sublimis пашан than 0 the flexor 
profundus digitorum. | 
| From personal observations it seems to be almost a rule that if any 
power to appreciate contact is retained in a part there is always in the 
same region some retention of the ‘power to recognize pressure pain, 
although the amount of pressuré ‘required to induce pain may be very 
much greater than in the same region on the sound side. This latter 
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point i8 well illustrated by the follewing record, which also ПРУ the 


‘previous contention that more afferent fibres are transmitted by the 


tendons of the flexor sublimis digitorum than. those of the flexor 
profundus digitorum. 


Patient, J. C. Complete division of the ulnar was found in the upper part 
of the forearm, just distal to the origin of branches for the supply of the flexor 
carpi ulnaris and inner half of the flexor profundus digitorum, which muscles 
possessed voluntary power. The loss of epicritic and protopathic sensibility” 
corresponded to the full typical normal distribution. It was impossible to 
measure the error in the localization of tactile pressure over the little finger, 
as the best response to any stimulation he gave was “somewhere on my little 
finger," and he was quite unable'to attempt to chart any of the stimulations 
in this region, although he invariably recognized that a contact had been made, 
provided sufficient pressure was used. The average of the three readings with 
the algometer on the two sides atfour points may be conveniently tabulated for 
comparison. 


Sonnd side Affected aide 
Hypothenar region .. 38 T 27 
Between heads of 4th and 5th metacarpal Бобев 3:9 25 30 
Over proximal phalanx of little finger vs 8-0 is 58 
Over distal phalanx of little finger — .. x 2:0 vs 70 - 


It will be noticed that in the first two regions the reading was: slightly 
lower on the affected side, whilst in the case of the two tests on the little 
finger the reading was markedly higher on the affected side, being more than 


_ three times greater on the distal phalanx. 


Two other patients in whom similar results were found have been 
encountered. I have never seen “ contact” and “ pressure pain" com- 
pletely dissociated. On the other hand these two: forms of deep 
sensibility may be retained in a part without any power of localization 
being present, as in the little finger of the patient just referred to. 

' After division of the ulnar nerve at any point proximal to the origin 
of the branches for the supply of the flexor profundus digitorum, the 
area in which complete anæsthesia to all stimuli is found is very 
constant in extent and affects the little finger and the inner border of 
the hypothenar region as shown in fig. 6. After division of the median 
above the level of the branches supplying the long flexor muscles, the 
area of complete anæsthesia is by no means so constant. In sixteen 
cases of known complete division of the median, af or proximal to the 
level of the elbow joint, there was complete anesthesia only of the 
index and a small neighbouring’ portion of the palm (fig. 7, A) in six; 
of the index and medius and a larger portion of the palm in five 
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(fig. 7, в); and the index, medius and palmar surface of thumb together 
- with a.still larger extent of the palm ‘in five (fig. 7, c). The infrequency 
(only five out of sixteen) of complete anæsthesia of the palmar surface 
of the thumb was rather surprising, but the foregoing results were 
confirmed by the examination of a group of patients suffering from 





Fra. 6.—To show the.typical extent of absolute serisory loss after division of tho 
ar nerve in the arm. ' 





Fig. 7.—To show the variation in extent of the absolute sensory loss after division 
1 \ of the median nerve in the arm. 


4 


division of both the median and the ulnar nerves in the upper arm, in 
whom contact (if sufficient pressure was made) was recognized over the 
palmar surface of thumb in an even higher proportion. Consequently 
it must be surggased " e, &nd possibly in & small 
' number f rating branches, takes 
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part in the Hate of the deeper tissues ы the pum ja the palmar 
surface of the thumb. 


^ | f 


VIL--SUMMARY AND CONCLUSIONS. 


‚In each section the main conclusions which may be drawn from the + 


' experiments and investigations are presented; it now only- remains 


necessary to restate the principal conclusions bearing upon.our present . 


. conception of sensation, and these may be conveniently suene d in 


three divisions. 
() 1i seems ‘clear that no nerve of sufficient size to be of clinical 


importance, or to be selected for experimental work upon sensation, is: . 


distributed exclusively to skin/' Consequently after section of any of 


` the nerve trunks, even in the distal part of a limb, there is bound боЪе 


some disturbance of so-called deep sensibility, and it seems quite im- 


practicable to divide sensation into superficial and deep. Besides this - 


anatomical criticism of such a division there is to be remémbered the 
additional confusion which may arise from the knowledge that one 
form of sensation at least is transmitted by both cutaneous, and deep 
nerves. It has been proved that so-called deep sensibility is not 


, transmitted entirely by nerve fibres which accompany muscular 
` branches, since the sensory supply of the joints of the fingers and“ 


thumb undoubtedly arises from the digital nerves, and it seems probable 


- that other forms óf deep sensibility are in part, at least, Bun by" 
. branches arising independently from the main nerve. 


‘ 


. (2) The various forms of sensation included under the division of 


deep sensibility may be dissociated. After division of the median at the ' 


wrist there is found a loss of the recognition of passive movements at 
the metacarpo-phalangeal and interphalangeal joints of the digits 
supplied by the nerve: some power of localization is retained over the 


region of the cutaneous distribution of the nerve, although by means of 


‘a measurable test а gross error is seen on comparing ‘the results with 


`; those ‘obtained on the normal part; the least pressure is readily `` 


recognized everywhere, and the readings with an algometer show that 
rather less pressure is required to induce pain:on the affected than on 
the sound side. If division of the median occurs proximal to the supply 


of the outer part of the flexor sublimis digitorum in the lower third ` 


of the forearm, in addition to the defects just recorded there is 
` usually a complete sensor stiggglation over. the 
distal two segments 
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ОЕ after section of the median at this level the loss of sensation 
in the index finger is less profound? Alihough i in these there is no power 
to localize, the contact of pressure ‘can -be recognized and pain can be 
induced by excessive pressure, but on investigating the two latter forms 
of sensation more fully itis discovered that more pressure is required to 
induce the sensation of contact over the index than the medius and the 
reading with the algometer is ‘considerably higher than on the sound 


, index. The condition of what we know as deep sensibility in the index 


is, in such cases, in a most interesting stage and may be summarized as 
. follows :— 
A (i) Loss' of sense of position and en of passive move- - 
' ment in all joints of this finger. ig 
(ii) Absolute loss of localization. 
oe (iii) Retention of recognition of contact and pressure pain, but 
‘on the application of measurable tests it is found that these forms 
* of sensation are grossly affected. . 


Little reference need be made to the effect upon deep sensibility 


' of a lesion at a higher level, in the region of the elbow or in the arm, 


since, except with regard to localization. which has already been fully 
discussed, the condition is well known ; reference is only necessary 
to the’ fact that the extent of the absolute sensory loss to all stimuli 
is variable. : | 

(8) Observations upon the recovery of deep sensibility demon- 
strate several striking and significant features. Reappearance of the 
recognition of contact and appreciation of pain on the application of 
excessive pressure occurs early, as a rule during the stage of proto- 
pathic recovery. At first considerable pressure is required before it is 
appreciated, but the recovery of contact without conéomitant recovery 
of pressure pain has never been encountered, although the extremely 
high reading with the algometer in two patients examined suggest 
that this is possible, and there does not appear to be any obvious 


_ reason why these two forms should not be dissociated: As regenera- 


“tion proceeds less pressure is found to be required at subsequent 
.examinations. | As, the zecognition of contact and pressure pain 
improve there is üsually & return of some power of localization, but 
it is very grossly defective, the error being much greater in regions 
where there has previously been an absolüte sensory loss than else- 
where. - Further improvement in localization and signs of recognition 
of passive movement of joints occurs very late, and not until there is 


· évidence of recovery of epicritic sensibility. Most of my studies have 


` 
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. been upon patients who have had a secondary suture of the median 
_or ulnar nerve, and under these circumstances any recovery of 
- accuraté localization or recognition of passive movements of joints is 

at the best very defective and frequently remains absent. After 

primary suture there. is a better opportunity for studying the later 
' phases of recovery. | It seems very significant that recovery of recogni-- 
tion of contact and appreciation of pressure pain, followed often by a | 
gross and defective return of the power of localization, occur early | 

‘during the stage of reappearanee of protopathic sensibility, whilst 
accurate localization and recognition of passive movement only appear 
“late, at a time when there is also evidence of epicritic return as tested ' 

bÿ graduated hairs and the compass. That is to say the three forms of 
sensation concerned, ‘with spacial recognition—accurate localization, '' 
discrimination and recognition of passive movement—only recover at a 
very: late stage, and even after primary suture are apt to remain 
defective. 
These observations upon the recovery of certain forms of sensation 

i after suture of a peripheral nerve suggest two important facts. 
" (ау, What we have regarded ‘as deep sensibility ought to have been 
- subdivided, just ав cutaneous sensation has been divided, into epicritic 
and protopathic. ‘There is no doubt that the two forms of sensation, 

recognition of the contact of pressure and appreciation of passive move- 
ment, must be subserved by nerve fibres terminating in the deep tissues ; 
` the former of these returns early at a time when protopathic sensibility ` 
is recovering, whilst the latter returns at a late stage, if at all, during 

the time of epicritic recovery. The mere recognition of the contact of 

pressure, is a crude form of sensation compared with the more highly | 
graded appreciation of the direction, localization and range of passive 

movement of a joint. 

(b) In the light of Head’s recent work upon the sensory cortex [2], 

these results suggest that at the periphery, both in cutaneous and deep 
_ „tissues, we have cortical and thalamic aspects of sensation. The dis- 

| “thar on which is encountered after the division of any large nerve 
akes it exceedingly difficult to unravel the fundamental principles 
`- upon E ensation at the periphery is based, but when we get an ` 
accurate conception of the anatomical distribution, and in the light of 
this knowledge analyse the results of careful clinical examinations of a | 
, number of patients suffering from division of a peripheral nerve, the 
curious forms of dissociation become more intelligible. Continued 
examinations of the same patients during recovery seem to bring us 
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still nearer to a ele of the true state of affairs. It has just been 
stated that certain‘ forms of deep’ sensibility constantly recover during 
the early stage when the area of protopathic loss is found’ to be receding, 
‘whilst other forms do not show any recovery until a late stage wlien 
“there is clinical evidence of ‚a return of epicritic sensibility. In the 
examinations of a very large number of patients I have found this to be 
an invariable rule. 

It appears to have been generally believed that the earlier return of 
protopathic sensibility is dependent upon a more rapid rate of regenera- 
· tion in protopathic than epicritic fibres. Such an explanation supposes 
‘some structural difference in the two systems, and Ranson [4], on 
histological’ and ‘experimental evidence, made the suggestion that 
impulses giving rise to pain travel in non-medullated fibres; but more 
recent work by Adrian [1] shows that it is highly improbable that 
there is any definite structural difference in the fibres concerned with 
protopathic and epicritic sensation. A simpler explanation is suggested 
when we take into consideration all the forms of sensation which return 
during the later stage of recovery. The forms appearing late, which 
more frequently show imperfect recovery, or in quite a proportion of 
‘cases of secondary suture fail to recover, are those which Head has 
proved to have cortical representation; whilst the forms which exhibit 
early and more constant recovery are those which may be expected to 
. persist after destruction of the sensory cortex. Therefore it seems 
more reasonable to expect to find an explanation of the two stages of 
recovery in the central nervous system, rather than to find it due to a 
different rate of regeneration of two-sets of fibres which anatomically 
appear to be identical. After suture and regeneration of ‘a peripheral 
nerve a much longer period may be expected to elapse before the fibres 
subserving cortical forms of sensation function correctly, than in the 
case of the fibres conducting the thalamic aspects of sensation; since a 

very much more complex readjustment and re-education must occur 
| after regeneration of the fibres in the former case than іп the latter. 
Furthermore, on the hypothesis suggested-in this paragraph, we seem to 
‘have ample reasons for the. more constant and perfect recovery of such 
aspects of sensation, as cutaneous pain,-pressure pain and appreciation 
of extremes of temperature, than for the higher forms, as those con- 
cerned ‘with spacial recognition. 
‘(The expenses of this research have been borne in part by a grant 
` from the Royal Society.) 
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TOXIC POLYNEURITIS.! 


BY WILFRED HARRIS, MD: F.R.O.P. 


ее to St, Mai y's Hospital, and to the Hospital fo Epvleps y and Par as 
Maida Vale. 


RECOGNITION of multiple or peripheral neuritis as а clinical and 
pathological entity dates from the publications of Duménil in 1864 [10] 
‚ and especially of Leyden in 1880 [24]. Since that time a host of 
observers have studied the diseage, so that the varieties of the commoner 
forms, the alcoholic, lead, arsenical and diphtheritic paralyses, are well 
known. It is not my intention to dwell on those forms the etiology 
_of which is clear and unmistakable, but rather on the numerous 
lesser known types, the origin of many of which is quite obscure. 

Multiple neuritis in our present state of knowledge is best classified 
on an etiological basis, rather than on pathological distinctions or 
clinical differences, and four. main groups may be separated — 

(1) Those dependent on the absorption of poisons introduced into 
. the body. А 

(2) Those due to autotoxæmia, or to poisons developed primarily 
- within the body. 
(8) Those due to infections of an, tien nature. 
(4) Those occurring in cächectic states. 
“ The first group may usefully be divided into two sub-groups, those 
: due to metallic poisoning, and those due to poisoning by various carbon 
compounds. 

. The term,toxic polyneuritis has been much used, but, as probably 
all polyneuritis is dependent ‚on some toxin, its employment seems 
most appropriate for those éases in which the infective agent or the 
source of poisoning is not clearly established. Before dealing with 
these a.few examples of rarer forms from the diferant groups may be 
referred + фо. 

Silver i is a very rare and probably doubtful cause of polyneuritis, the 


1 Presidential address dehvered before the Neurological Section of the Royal Society of 
Meuse. Ootober 12, 1922. Р 
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only case in the literature appearing to be that described by Gowers [13], 
of a man of 44 who took a dinner pill containing silver for about twelve 
years, averaging six pills a month. After eleven years cyanosis com- 
 menced to develop, and a year later wrist-drop, though as carcinoma 
of the liver declared itself some three months later, it is possible that 
‚the polyneuritis was to be accounted for by the toxemia from the 

" malignant disease. Б 


Carbon bisulphide is a sufficiently uncommon cause of polyneuritis 


to justify a short a pHpN of a case I have Ded recently under 
treatment. 


` А boy, aged 15, worked at a boot factory at solutioning on rubber soles. 
He worked’ in a shed, which was afterwards described by the inspector as very 
badly ventilated, using for the purpose of fastening on the rubber soles a rubber 
solution containing carbon bisulphide. He worked from 8 a.m. to 6 p.m., and 
began to feel unwell in July, 1921, when he commenced to suffer from headaches 
almost every night towards the end of his work. The headaches were accom- 
panied by vertigo, but had disappeared by the following morning. He informed 
me that previous workers at the same job had had to give it up on account of 
similar headaches and giddiness. ‚He, however, stuck to his work, and in 
January of this year his right leg began to feel weak and to give way when 
walking towards the end of the day. This improved, and then the right hand 
grew weak and lost the power of gripping ; this also improved and the left hand 
became similarly affected. The headaches ceased in January just before the 
legs began to be affected. There was never at any time pain or numbness, 
or objective or subjective: sensory symptoms. By the beginning of April 
he began to develop weakness of the dorsiflexors of both feet, being unable to 
raise the toes off the ground when standing, though tha gastrocnemii were 
strong. Soon also bilateral weakness of the extensors of the fingers and wrists 
“appeared, especially of the mght extensor carpi ulnaris. Marked weakness and 
wasting of the right first dorsal interosseus and thenar muscles was also seen. 
To electrical testing there was well-marked reaction of degeneration in the 
extensors in both forearms, in the right first dorsal interosseus and in the 
tibialis anticus on each side. The knee-jerks were normal throughout, but the 
tight Achilles jerk was absent, and the left only just obtainable with reinforce- 
ment. Treated with strychnine injections and massage he soon showed slight 
improvement, and after four months had practically recovered. 


Carbon monoxide polyneuritis I have never met with, bút it is said 
' that a single severe dose of poisoning with this agent may be followed 
Љу neuritis, в very unusual feature in polyneuritis, which is usually the 
sequel of a more sustained or chronic poisoning. Care must, however, 
be taken in cases of carbon monoxide poisoning not to mistake pressure 
neuritis of the musculo-spiral, external popliteal or other nerve trunks. 


Y 


TOXIC POLYNEURITIS . 417 


for toxæmic neuritis, pressure palsies being especially liable to occur in 
persons ‘rendered unconscious by, coal gas poisoning or by explosions 
in coal pits, through lying on a hard surface i in one position for many 


'. hours. 


. Rheumatic polyneuritis.—Acute rheumatism or rheumatic fever is 
rarely if ever followed by polyneuritis, yet local perineuritis and fibro- 
‚sitis, as seen in brachial neuritis and sciatica, are common sequelæ of 
chill and exposure, though other causes frequensly: contribute, such as 
dental or intestinal sepsis. 

' Qhloretone has been given as in children for chorea, and 
has been observed tó produce a condition of flaccid paralysis, with 
absent deep reflexes, but the recovery on cessation of the drug is 
usually much more rapid than is usually met with in other forms of 
. polyneuritis. 

Local asymmetrical neuritis of definite nerve trunks rather than a 
symmetrical polyneuritis, is also a feature of typhoid and paratyphoid 
, infections." Thus, a man of 29 with paratyphoid, a week after admis- 
sion to hospital developed severe pains in the upper arms and shoulders, 
which kept him awake, followed by marked paresis of the right serratus, 
latissimus, triceps, ahd extensors of the right fingers and thumb, and 
of the left deltoid. 

Another case of asymmetrical severe neuritis of the right median, 
. ulnar-and musculo-spiral nerves occurred in a man aged 27, as the 

sequel of febrile, attack of uncertain ‘origin with tonsillitis, followed 
by acute nephritis. There was never any peeling of the skin to suggest 
scarlet fever, and bacteriological examinations for diphtheria, enteric 
and paratyphoid were negative. Possibly the infection was rheumatic, 
as nephritis is one of the rarer complications of this disease. After two 
- weeks he had severe pains in the right arm from the shoulder to the 
hand, completely losing the use of the arm, and anmsthesia of the 
hand up to the wrist. The hand became very clawed and atrophic, 
and the finger pads and skin wasted, but practically complete 
recovery took place in two years. These asymmetrical forms of toxic 
neuritis are generally painful, perhaps owing to the inflammatory nature 
. of the lesions affecting the interstitial tissue of the nerves, whereas in 
the symmetrical polyneuritis without sensory phenomena the lesion 
18 próbably purely a parenchymatous degeneration of the nerve elements 
themselves. i 
2 Asymmetrical neuritis of toxic origin may occasionally be met with 
‘in chronic alcoholism and diabetes. Musculo-spiral paralysis I have 
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cases of musculo-spiral palsy was pain a feature of the case, but in the 


` many times Been occur ‘in chronic alcoholism, when the’ ae: of : 
pressure could apparently be excluded as a cèuse. in none of these 


‚ sciatic ‚and external popliteal paralyses met with in diabetes severe - 


' pain, шву. be а prominent feature, preceding and” accompanying the 


nes It is difficult to understand how a local asymmetrical ' 
neuritis can, ba set up by the action of a ‘circulating toxin, which should . 


‘presumably act equally and symmetrically on both sides. The fact that 


certain whole nerve-trunk areas are liable to be affected’ in the | 
asymmetrical” forms is suggestive of a local interstitial neuritis -being ', 


present tather,than a degenerative parenchymatous neuritis, and this is 


‘further supported in my opinion by the fact that these asymmetrical | 
forms.are usually intensely painful. It is possible therefore, if not :: 
indeed probable; that the circulating toxin is not the direct factor in the. 


К development’ of the neuritis, but that it has led to the local appearance | 


i 


' of, an: inflammatory interstitial neuritis, such as may result from chill; 


‘and other ġo- -called rheumatic processes. 


Тһе actual nature of the circulating toxin in ach apparently. simple , 
‘cases ав alcoholic or ;diabetic multiple neuritis is obscure. In all’ - 
probability it is not alcohol itself or derivative ethers circulating” in + 
the blood that sets up alcoholic neuritis, or this ‘disease would surely be ' 


commoner than it is, but ‘rather a secondary auto-toxæmia produced : 


ed by, the action of the chronic alcoholism upon the tissues, notably on 


“the digestive tract and the liver. Similarly in diabetes it ‘can. scarcely 


‘be the direct action of hyperglycemia on the nervous structures that E 


- Beta up local or níultiple neuritis, nor is it due to acetone or diacetic. , 


- acid, as both.of these substances may be absent in cases of diabetic 


neuritis. Probably the neurotoxin in diabetés is of the ee: 


déficiency type, as will be: referred, to later. 


LS 


The реги ле psychosis described by -Korsakow [22] as common | 


‘in chronic: ‘alcoholism with polyneuritis is certainly met. with in other 


- forms of polyneuritis, as, Korsakow himself showed, and must there- 


fore not',be accepted as evidence that alcoholism is the cause of an . 
obscure polyneuritis. Some two years ago І had'the opportunity, of : 


“watching throughout to its fatal ending a case of polyneuritis ofanknown : 


origin, in which the delusions and characteristic disorientation of time 
and space ‘familiar i in Korsakow’ 8 psychosis were very marked. ' 


A men, aged: 55, hall porter, early in Septernber, 1920, began to suffer 
` from severe" pains i in the lett hip. m a fortnight he had to give up his work, 
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` and ВА АИТ later pains йй: in the right hip: n October 16, he was 
admitted under my care: into ‚St. Mary’s Hospital as в supposed case of 
sciatica. - There was some loss ‘of power in both legs, and tactile anæsthesia of 
the feet and ankles, but no loss of power or of sensation in the arms or hands. 
Both knee-jerks and Achilles- jerks were absent, ‘the plantars flexor. No glyco- 

suria or albuminuria. Wassermann test of blood and c.s.f. both negative. ' 
On October 26, the electrical reactions were normal, but on November 5, 
definite reaction of degeneration had appeared in the left dorsiflexors, and 
 peronei in both legs. By November 12, bilateral foot-drop was well marked, 
and there was retention of urine, daily catheterization being necessary. His 
‘mental condition had gradually become unreliable, and by this date delusions 
were very marked; he muttered to himself, and replied in the most extravagant 
manner to questions .as to where he had been recently, such as to New 


' York yesterday, and to J erusalem the day previously, though he would other- 


wise answer questions quite rationally. He had always consistently denied 
the imputation of alcoholism, and I was able to convince myself by personal 
interviews with ‘his wife'and with his fellow employees at the Town Hall where 
he was porter, that his statements on this point were true. Irregular pyrexia 
developed towards the end of October, and he steadily got weaker and more 
torpid, dying on December 14. No post-mortem was permitted. Е 

In another case, à man, aged 45, had a severe attack of polyneuritis, with 
intense pains in his feet and legs, with loss of the deep reflexes, and consider- 
able delirium. Alcohol as a CAUSE could be excluded. He later recovered all 
. his muscular power, and the knee-jerks returned, but there was considerable 
. permanent loss of memory and mental power, indicating the co-existence of 
4 an acute encephalitis with the polynearitis. 


Sépticæmia is a not uncommon cause of multiple neuritis, differing 
little ‘in type from alcoholic neuritis. The source of infection may be 
a quite insignificant wound ; ‚in two cases’I saw well marked multiple 
neuritis follow slight local suppuration due to a grazed skin wound of 


' the hand, and in another case due to a stab wound in the thigh. In one 


‘of them an early symptom was loss of ocular accommodation, which is 
such & common early symptom in post-diphtheritic neuritis. 

. Septicæmis is & not uncommon cause of multiple neuritis following 
chilébirth or a miscarriage; one of the most severe and painful cases I 
have ever seen, ending in death from heart failure, occurred i in an other- 
wise healthy girl of 23, after a miscarriage at three, months, in all 
probability an 'artificially induced abortion. The polyneuritis which 


г has. been described as, following tetanus is almost certainly of septicæmic 


origin; rather than due to tetanus toxin, though chloretone used in the 
treatment has been blamed in’ one case. I have seen the ‘use of anti- 
streptococcic.serum followed by a severe external popliteal paralysis га 
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gunshot wound necessitated amputation of the foot, but on account of ' 
sepsis three doses of antistreptococcic serum were given on three 
successive days, and then after four days interval another dose. | 


General joint pains all over resulted, followed four days after the last 
“injection by pains in the right leg, dropped foot and wasting of the 
leg, with total paralysis of the extensor longus digitorum and of the 
' peronei. It is doubtful whether this was рны neuritis, or an 
effect of the serum, : 

_ Septicæmic néuritis may affect a nerve trunk close to the inter- 


. vertebral foramina, as.in a case of a gunshot wound of the left arm, _ 


` followed four weeks later by pains in the opposite arm and right side óf 


the neck, wi paresis of the right serratus magnus and winged scapula, | 
and hypo’ssthesia of a cutaneous strip from the ball of the thumb’ 


along the outer forearm and up to the shoulder, de ah of neuritis 
of the sixth cervical nerve. 


Generalized polyneuritis affecting all four limbs, ‘it ataxy and 


. loss of the knee-jerks, has been recorded by Clayton [9].in a soldier 
“treated for typhoid by fifteen injections of 50 c.c. each of antityphoid 
serum. Here again it may be asked whether the polyneuritis was & 


result of the serum injections, or was it due to the typhoid toxin? My 


‘own view is that thé neuritis is not the result of the serum treatment, 
but of the. previous toxemia, just as polyneuritis following diphtheria, 


whether treated with serum or not, should certainly be laid to the credit . 


of the diphtheritic toxin, ` i 

A rare form of polyneuritis “äh facial.diplegia has bean described 
by Feiling [12] and others accompanying parotitis and: кн ог 
polyneuritis may follow parotitis alone. 

Acute febrile polyneuritis, first described by Osler [29], was 


frequently observed during the Great War, and cases were recorded by’ 


. Gordon Holmes [21], Bradford [6], and others. The sequence of 


the polyneuritis to definite malaise . and pyrexia places: this type 


definitely in the infective rather than in the autotoxæmic group, 
+ though the ‘exact source of the toxin has not yet been determined. 
Facial diplegia was a common symptom in this type of polyneuritis.. 


I saw a medical officer, just home from France early in 1919, who com- | 


plained of pains in the left side of the neck, with soreness to touch, as though 
bruised, and almost immediately aching appeared in both forearms; three days 
later insomnia, and the arms became weak and the hands shaky. After three 
weeks facial diplegia developed, with a feeling of intense depression and 
malaise, with furred tongue, though no pyrexia was detected at any time, 
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There ¿Was a goòd deal of pain yit hypermathesia and tenderness 'of the 
backs of the forearıns, but no actual muscular paralysis. The knee- jerks were 
present throughout, and the legs ‘were unaffected. - There was never any 
sensory loss, and recovery was complete after three months. ' 


Syphilis as a cause of polyneuritis is "usually included in the’ 
cachectic ' group, but селани if undoubtedly acts 88 an acute 
“infective toxemia. 


A maii; aged 30, acquired syphilis in January, 1910. Three months later 
. he developed some ataxy and numbness of the feet, but recovered. In October 
.the numbness and ataxy returned: with rapid onset of weakness of legs and 
‘arms, but again almost completely recovered under injections of salicylate of 
mercury. In January, 1911, twelve months after the original infection, weak- 
ness and wasting of the hands and feet began, which steadily progressed to 
complete paralysis of all muscles below’ the knees, with bilateral finger-drop 
‘and wasting of the forearm muscles. Р 
All the deep reflexes were lost, but there was по trace of adæsthesia. 

' By November, 1912, he was recovering fair power in the gastrocnemij, and 

he could walk fairly with a stick. The hands were now normal, and the knee- 


` jerks had returned, but there was no trace of power in any of the anterior 


tibial muscles, nor any reaction in them to either form of electrical current. 
Probably the correct interpretation of this case would be a polynenritis | 


'. associated with considerable anterior horn cell damage in the fifth lumbar 


region: 


In considering the etiology of an stack of multiple neuritis in a 
syphilitic subject, the possibility of arsenical, neuritis should not be 
overlooked if treatment by any pt she arsenobenzol preparations has 
been given. ' 

Tubercle as a cause of polyneuritis has been much discussed, the 
usual verdict being that such polyneuritis is mainly alcoholic, though 
‘the added stress of the tubercular toxin or cachexia, when combined 
with the chronic alcoholism, much increases the liability to degenera- - 
tion of'the nerves, just as alcohol in addition to arsenic, sepsis with 
rheumatism, and many other dbubly acting causes may combine to pro- 
duce it. XExcept.when' associated with another factor, tubercle is a very 
rare cause of neuritis. I have seen one case of generalized polyneuritis ` 
ina man dying from miliary tuberculosis, with no history of alcoholism , 
or other ascertainable cause. 

. 'Tubercular neuritis of the feet.—In-bwo cases of severe and fatal 
tubercular infection, I have seen symmetrical pains and wasting of the 
intrinsic musculature of the feet, with glossy: ‚skin. The first case had 
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been diagnosed as gout, in spite of extensive pulmonary tuberculosis, 


‘by no less an observer than the late Sir William Broadbent in 1895, and 
remembering this case when I saw the identical condition of the feet ` 


seven years, later in a woman with obscure renal disease and pyrexia, I 


" confidently diagnosed tubercle as the cause, though no one else, agreed 


with me until the autopsy confirmed this. - +. 
- In a few cases I have seen tubercular pleurisy followed by intensely 


` severe brachial neuritis on the same side, with glossy skin and articular 
disorganization of the phalanges. Probably this is produced by apical 
_ infection of the lung and pleura setting up a secondary inflammatory . | 


neuritis in the brachial plexus in its close proximity. 
Severe chronic anssmia is usually included among the cachectic 


. causes of polyneuritis, though it appears to be much rarer than the 
. Spinal degenerations .of combined sclerosis met with in conjunction 
. With grave anæmia of pernicious type. I „published last year us] a 

7 „саве of leukemic polyneuritis. 


A ‘youth, aged 17, developed well-marked symmetrical polyneuritis, with 


' foot-drop, absent deep reflexes and sensory diminution on the feet and legs, 


as well as tingling and numbness of the finger-pads. His spleen was enlarged 


23 per cent. and the lymphocytes 68 per cent. Slight enlargement of the 


., glands in the neck appeared, and one of these was removed for, pathological 


examination, but was reported to be normal. Troublesome hæmorrhage from 
the wound continued at intervals, again suggestive of leukemia, and he died 


- six weeks after admission into hospital, three months after the first appearance 


of weakness of the legs. 

-Microscopical examination of, Ње liver, kidneys and peripherat nerves 
showed these tissues to be infiltrated with lymphocytes; yet it is difficult to 
conceive. that the symmetrical polyneuritis could be due to pressure of the 
lymphocytic exudation upon the nerve ‘fibres; it was more probably of toxic 
origin | sus to some unknown form of autotoxæmia connected with the leukemic 
process. / e 


Malignánt disease is also included amongst ihe cachectic group of 


polyneuritis, though it seems to be rare. 


‘A year ago I saw a civil engineer, aged 69, who had been’ ЕЕЕ on seven 


years previously ‘for malignant growth of the ascending colon, a short circuit. - 
‘being performed. He recovered well, and for years lived an ordinary life, 


travelling & great deal. In, October, 1921, he thought he caught a chill; 


followed by pains in the left shoulder, arm and forearm, "like a rat gnawing’ 


it.” The pains spread across the. back of the neck and then affected the right 


4 


i 


three finger-breadths, but there was no leucocytosis, indeed a leucopenia of - 
` ошу 5,800, but the cell count was notably inverted, the polymorphs being only ` 
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forearm, being so’ severe as to necessitate morphia. When I saw him in 
December there was ‘complete paralysis’ of both triceps, and of the extensors of 
the fingers and ulnar extensors of both wrists, though the radial extensors of 
the wrists and the supinator longus of each side were normal; both serratus 
magnus muscles were very weak. There was a large mass in the right hypo- 
chondrium, which was shown at operation to be growth in the ascending colon 
with most extensive involvement of the liver. The legs were unaffected 
and the knee-jerks brisk ; there was no glycosuria. 


. The distribution of the polyneuritis'in this case was most unusual, 
with bilateral finger-drop and total paralysis of both triceps muscles, the 
legs being quite unaffected. The intensity and long duration: of the 
. pain were also striking features of the case. Possibly chill contributed 
' to the onset of the neuritis, but the duration of three months with in- 
creasing symptoms was more suggestive of a continually acting toxin 
or cachexia, and is better explained by the extensive carcinoma from 
which he was suffering. 
Autotoxssmia.—Perhaps the most interesting group of causes of 
polyneuritis is that I have labelled “ autotoxsemic.” We are constantly 
\ meeting with cases in which the closest investigation can elucidate no 
cause for the polyneuritis. Опе is tempted therefore to look upon them 
` as autotoxæmic, though the Scotch verdict of "not proven” would be 
” more correct. 


` An unmarried woman, aged 47, a school teacher, early last November began 
to suffer from burning pains in the legs, the feet becoming numb two months 
later, with loss of power of walking. There was some swelling of the hands 
due to rheumatoid polyarthritis, which also involved the left knee-joint. She 
` complained of pins and needles in the fingers, and developed finger-drop owing 
` to paresis of the extensor communis, and weakness and wasting of the intrinsic 
' musculature of the hands. There was tactile’ anssthesia and analgesia of the 
left hand up to the wrist, but no objective loss of sensation on the right hand, 
_though she said it did not feel natural. There was complete left foot drop 
and some weakness of the right dorsiflexors. She could move the right but 
not the left toes. Though the right foot was much stronger than the left, there 
was much densér anæsthesia of this limb, extending to just above the knee, 
The knee-jerks were both brisk and equal, the Achilles-jerks were absent, and 
the left forearm flexor jerk absent too, though the right was brisk. After two 
months the pains in the legs increased considerably, and she complained of a 
` ,eurious subjective sensation “as though she had several pairs of legs in bed.” 
` This continued for several weeks. Now, after eleven months, there is some 
improvement in the muscular power of the legs, but she is still only just able 
' to walk. ‘There was a perforation of the nasal septum, suggestive in appear- 
ance of old syphilis, probably congenital, but the Wassermann reaction in the | 
bloöd was negative. 
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w was difficult to assign n cause of this polymenritis, ‘though I 


. incline to look on it as rheumatic polyneuritis, in view of the presence of 


painful multiple joint ‘swellings, and the asymmetry and painfulüeis 


_ of the affection. , - 


~ Beri-beri was at one time cohsidered to be an infective polyneuritis 
‘due to ‘a bacterial poison, but the more recent view ascribes it to a 


deficiency of vitamines in the diet, due to the eating of polished ricé ; б. 


- the husk of the grain, which is thus lost to the diet, containing alt ‘the 
vitamins. Such a-deficiency can act indirectly only, by setting. up 
changes in the metabolic processes of the tissues, and thus probably the 


| production of some insufficiently broken-down excretory product, which 


in the course ‘of circulation affects the peripheral nerves, causing sym- 


' métrical parenchymatous degeneration. The process may be compared 


to that in diabetes, i in which the lack of the normal internal secretion 
«Of ‘the cells in the islands of Langerhans. in the pancreas so ‘alters 
' normal metabolism that an excess of dextrose is produced in the breaking 
~ down of the muscular tissue. Yet it is probably neither the dextrose: 
‘in the blood; nor the acetone or diacetic acid by-products, which 


‚ are the actual toxic agent in producing the neuritis. In diabetic 


neuritis there may be symmetrical numbness and anesthesia of Ше 
extremities, with loss of deep reflexes, but little or no muscular paresis, 
` "though ithere is well marked ataxy, the so-called diabetic pseudo-tabes. 
‘Та’ another form the pains may be extremely severe, and the muscular 
paralysis well marked, often in the distribution of one sciatic, external | 
popliteal or.anterior crural nerve. , Why a circulating toxin should thus 
‘set up an asymmetrical neuritis is hard to understand; it is usual to 
- explain it by inferring a locally acting cause in addition, such as overuse : 
or strain of the limb, or undue pressure on the nerve. In the asym- 
thetrical neuritis of rheumatism or of paratyphoid fever, the asymmetry, 


" thay be due to local involvement of the nerve sheaths by direct organismal 


infection, as in leprous neuritis, but in diabetes no organisms are RO 


| 2 be at work. ў i 


` Puerperal neuritis. —Polyneuritis He shortly after childbirth, 
- or even during the ‘puerperium; is sometimes considered to be a septic- 


“mic neuritis, due to sepsis acquired during parturition, or to retained 


‚septic products in the uterus from a previous pregnancy. I do not 


' think that this explanation will cover all the cases of: ‚polyneuritis d 


associated with pregnancy, but rather that some are true cases of auto- 
toxemia, the -toxin which produces the polyneuritis being elaborated 
in the tissues as an abnormal by- -product of the metabolism im 
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À year ago I had under my care for some months a young married woman 


, aged 30, who ten Weeks after childbirth’ complained of weakness of the legs and 


of numbness, and of pins- and-needles spreading їп е feet and hands, followed : 
by numbness of the abdomen and chest up to the neck. All the deep reflexes 


' ‘were lost, and she was unable to lift the legs off the bed ;, the extensors of the 


fingers also became weak, but the extensors of the thumbs and: of the wrists 
were unaffected. Bilateral facial palsy and diplopia next ирене, followed by 
diaphragmatic palsy for several days. 

' There was deep tenderness of the calves and forearms, and well-marked 


' «ansesthesia of the.feet and ankles, but she never suffered from any spontaneous. 
‘ pains. There was never any pyrexia or recognizable sepsis affer the child- , 


birth. . Sbe recovered completely after four months. 
Ten'years ago Batten [5] showed - af & clinical meeting of this 


' Society a woman with recurrent paralysis and wasting of the hands: 


and legs, with absence of the deep reflexes, the paralysis recurring 
after two confinements. Such recurrent paralysis will be referred to 
presently as having been observed in other cases of apparently autotoxic 
polyneuritis. 

' . Pressure neuritis as a cause of paralysis following childbirth cast 
be carefully distinguished from toxic polyneuritis, the nerve that usually 
suffers being the sciatic, and especially its external popliteal portion, 


«from pressure of the fostal head upon it near its-exit from the pelvis at 
* the sciatic notch. 


Cranial nerve paralyses ate common as & sequel’ of ordinary 
pharyngeal diphtheria, the third, fourth and sixth nerves being commonly 
affected, and occasionally the seventh, fifth; tenth and twelfth. - The 
loss of accommodation due to paresis of the ciliary muscle, that is such 
an early sign in post-diphtheritic palsy, I have also seen in septicæmic 


neuritis and in one other case of toxic polyneuritis. Walshe [43] has 


pointed out that the frequency of incidence: of cranial nerve paralyses 
after diphtheria i is-dependent on the close contiguity of the source of the 
toxin in, the pharynx, as, in cases of polyneuritis following accidental 
diphtheritic infection of an open wound of the trunk or limbs, cranial 
> paralyses are uncommon. 

A definite syndrome has been claimed ‘for polyneuritis cr anialis, 
many observations being recorded of neuritis limited to sevéral cranial 


. nerves. Oppenheim [28] thinks these cases are usually due-to a basal 


process involving the cranial neryes. Kinnier Wilson [44] showed at - 
the Clinical Section a man who, after right-sided otitis media of three 
weeks duration, developed nerve deafness, of the right ear, right facial ' 
palsy, paralysis of the right half of the soft palate and of the right 
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P ‘cord, | anesthesia and hemiatrophy of the right | 
half of. thè tongue, with bilateral loës of taste. 
Slow chronic polyneuritis is a term that may be applied to cases in 
which the symptoms gradually i increase during many months. Pain is 
. usually either absent throughout, or only trifling at the commencement, 
but the muscular paralysis becomes extreme, and there may be exten- 
sive, atrophy. " E 


In the case of a man, aged 81, the symptoms gradually increased during 
twelve months, commencing with pain in the calves and a tired feeling, after. 
the appearance of some large purpuric blotches on the legs. 

The legs gradually became enfeebled to the stage of total flaccid palsy, the f 
bands and forearms not being involved until nine months after the com-. 
mencement of symptoms. When I saw him seventeen months after’ the 
onset, there was practically complete palsy of the feet and legs, hands and 
wrists, with contracture of the feet and hands. All the deep reflexes were 

, lost and there was considerable anesthesia in the periphery of all four limbs. 
The sphincters were normal, and no cause suggestive of polyneuritis could 
be discovered. Wassermann test negative in both blood and cerebrospinal 

ша. de 
A girl, aged 15, became gradually weaker during twelve months until all ' 
four limbs were totally paralysed : she could not raise the head from the pillow, 
the eyelids and lips were partially paralysed, there was weakness of the 
masticatory muscles, and the tongue was somewhat wasted No sensory 
symptoms were present at any time except slight paræsthesiæ of the fingers at 
the commencement. All the deep reflexes were lost, but only slight muscular ' 
wasting occurred, and no contractures. No improvement was observable in 
spite of daily massage and electrical treatment until eighteen months after the 
onset, when she slowly began to regain power, and ultimately recovered 
perfectly i in another two years. 


v 


^. The slow devélopment of the symptoms in such cases strongly 
suggests & continuously acting toxin, rather than an acute poisoning, 
and one is driven to the supposition that an autotoxæmia is at work. 
In the girl's case at least the continual absorption of external toxins 
could be.excluded; as’ her. first symptoms occurred when at school in, 
South Africa and advanced for three months at home some distance . 
away, and'she continued to get weaker for another nine months after 
being sent to England. = 
Relapsing and recurrent polyneuritis.—The net causes of ' 
" recurrent polyneuritis are chronic alcoholism and lead poisoning, but 
recurrence is also met with in cases where the cause is obscure: 
F. G` Thomson 142] recorded the case of a youth of 19 in whom weak- 
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ness commenced in the hands and feet five days after. being thrown out 
of a sculling boat; within. anóther ten days there was complete 
' paralysis of all four limbs and of both sides of the face, with consider- 
able weakness of the trunk muscles. The sensory symptoms were 
` confined to slight numbness of the fingers and the soles of the feet. 
All the deep reflexes were lost'and considerable wasting developed later 
in the muscles about the shoulders, forearms and legs, the extensors 
being chiefly affected. Recovery was complete in every respect in 
about two years. -An interesting fact in the history was that this boy 
аб the age of 5 years'had had apparently а similar attack of motor 
paralysis affecting all four limbs, ending in complete recovery in 
eighteen months. The acuteness of the onset of the paralysis following 
the immersion is strongly suggestive of chill being the exciting factor, 
«though his previous similar attack at the age of 5 seems to demonstrate 
a predisposition in his metabolic -processes to the development of a 
E neurotoxin, or possibly an excessive sensitiveness of his cus 
. nerves to the action of such neurotoxin. 
In lead poisoning it seems to, be established that a recurrence of 
. wrist-drop ‘and colic may be dependent upon some slight cause, as a 
febrile attack or an irregularity in diet, in the total absence of any 
fresh source of lead absorption.’ This fact lends support to Mary 
Sherwood’s suggestion [36], that the first attack of neuritis leaves the 
nerves with a lowered power of resistance to the assault,of a fresh 
‘toxemia. 

Grocco [15]. was the first to describe recurrent attacks of poly- 
neuritis in the absence of any obvious cause such as lead or alcohol. 
Other reports of such cases have been made by Eichhorst [11], by 

"Mary Sherwood [36], who described two cases from Eichhorst’s clinic 
in Zurich, though her. first case was that of recurrent palsy of the 
right arm only, and should scarcely be classed with other cases of 
generalized multiple neuritis. Ross and Bury [83] describe two 
„sisters With recurring paralysis. Targowla [40] recounts the case of a 
woman who: had three attacks of paralysis at the ages -of 19, 27, and 

- 89 years. Sorgo [37] described the case of a man who after three 
attacks of, abdominal pain and constipation developed ‘bilateral palsy of 
the arms, followed twelve months later by & recurrence of the paralysis 
‘and colic, and\again eight months later following a chill, colic, severe 
pains, paralysis of the arms, weakness of the legs, loss of the knee-jerks, 
Tespiratory paralysis and death. Degenerative neuritis was found in 
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Ati: TTE ns The sequence of the paralysis to attacks of 

severe abdominal pains ‘and constipation is suggestive of-an enterotoxin 

‚ ‘having been the cause, and is strikingly similar fo the mode of onset of 
the paralysis in acute hematoporphyrinurie polyneuritis. 

H. M. Thomas [41] published a clinical lecture on Recurrent: 
Polyneuritis, describing the case of a man of 28, who had five attacks 
‘of paralysis within six years. .In his case chronic indigestion was. 
a feature: of the illness, and possibly here also an enterotoxin was the 
cause. 7 

A’ somewhat similar case was published by чайкана" [27]; a boy 

aged 18 ‘developed double foot-drop, loss of deep reflexes, and other 
‘signs of generalized multiple neuritis, who had had two similar attacks 
. of paralysis lasting for several months, one at the age of 4 and the other 
- at 17. A pecularity in his case was enlargement and tenderness of the 
nerve trunks, especially of the median, ulnar and external popliteal. 
^  Hematoporphyrinuric polyneuritis—In 1908 my attention was 
first drawn to this curious syndrome :— : 


A woman, aged 47, was admitted to St. Mary’s Hospital with pains. in 
the abdomen, following a cold three weeks previously. Her pulse was 120, 
and the urine was noticed to be dark reddish coloured, hematoporphyrinuria . 
being found on analysis., A week later she began to complain of pains all over 
, her.limbs and body, and it was found that she could ‘not raise her arms to the 

level of the shoulder. The pains were worst in the arms and shoulders, but 
there was no anesthesia. In five days she was unable to sit up or to feed 
herself. - Insomnia became troublesome, and there was retention of urine, with 
overflow incontinence. The pains in her arms were so severe that she com- 
plained of feeling as if, the skin was being torn off. The knee-jerks were 
‘present on admission, but were afterwards lost for some weeks. Three months | 
later. she ‘could just hold out her-arms, but there was still complete paralysis 
of the extensors of the fingers on both sides, with reaction of degeneration, 

' though the extensors of the wrist and supinator longus were unaffected, 

Ultimately abe recovered completely, the a унаа having disap- 
peared before she left hospital.’ 


It was not unu February.1921 that I met with another case of this 
= disease. | 


iA men, aged 45, well nourished and living in perfect conditions in the 
country, apparently in perfect health except that he had always ‚been, 
obstinately constipated, was seized with ‘pains in the back. Next day his 
urine was dark red coloured. The pulse was 60, and he now complained of 
‚ severe pains around the loins and the front of the abdomen, at first thought 
7 by his doctor to be renal colic and then an acute abdomen, for which he was: 
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„sont into & nursing Kang and a surkeon fetched ` ‘from London. The latter 
-however, refused to operate, making & diagnosis of acute pancreatitis. All the 
. next week his pains were severe, and he was said to be jaundiced, and to have 
bile in the urine. On the fourth day’ there was retention of urine requiring 
use of the catheter. After eleven days he became éxcitable and nervous, owing to 
. whioh'I.was asked to see him. The pulse was then 100, the strength of limbs 
“and trunk good, and "he could stand and walk, The knee-jerks were normal, 
as were all the other reflexes. He complained of some parmsthesim of the 
trunk, and, taken with his excitable nervous’ condition and sleeplessness, I 
thought be was developing acute manie... There was no history of venereal 
. disease and his cerebrospinal fluid was normal. Two days later I saw him 
' again ; -he could still stand, but the knee-jerks were now absent, and there was 
no weakness or anæsthesia. He again had retention of urine, and on the 
doctor passing the catheter I was astonished to see that the so-called bile- 
stained urine was port wine coloured, an extreme example of hæmatoporphy- 
‘rinuria. "Three days later he complained of “deadness” of the chest and 
abdomen when touched, and large areas in this region were found to be 
analgesic. . Paresis of the deltoids was now well marked, as well as weakness 
_ of the’ flexors of the hips, but no other weakness of the limbs. His rectal 
temperature was now for.the first time slightly raised; two days later his 
. temperature’ was 100° F. and the pulse 132. He was now much weaker; 
unable to turn in bed and to cough owing to weakness of the abdominal . 
muscles. The constipation’ became more and more extreme, the diaphragm 
paralysed, and he died after an illness of three weeks’ duration. Unfortunately 
an autopsy was not permitted. 


Needless to say, in both these cases sulphonal and other drugs as a 
possible Source of poisoning were excluded. .In both acute abdominal 
pains were smongst’ the earliest symptoms, followed immediately by 
hematoporphyrinuria, pains all over, paræsthesis and paralysis, especi- 
ally of the arms, loss of knee- jorks, retention of urine and i insomnia. In 
“neither of my two cases was vomiting notéd. en i 

Hematoporphyrinuria may occur with symptoms of acute illness’ 

“quite unconnécted with the taking of any drug; it was first described 
‘in а case of acute rheumatism by MacMunn in 1880 [26], under the 
name of urohæmatin. 

‘Acute attacks are ushered in by m pains in the abdomen and 

‘loins, constipation, and sometimes vomiting: -Dark-brown to port-wine 
.coloured urine is an: early symptom, and the pains continue and may 


E . Spread all over the trunk" and limbs. The pulse-rate is raised to 100 or 


120, but usually there is no pyrexia. .Retention of urine and even 
` inconfinence may occur, and occasionally mental symptoms may be. 
noticeable, such as general nervousness, excitability, or even delirium 
and д epileptic fits. a ж > 
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Gunther’s excellent article [17] quotes fourteen cases in the litera- 
ture, in four of which severe paralysis rapidly developed, followed by, * 
death soon ‘after. the onset of the paralysis, the earliest recorded case 
, being: that of Ranking and Pardington in 1890 [31]. 

These observers described the cases of two single women aged 41 
and 47, both living in the same house, who wers both taken ill with 
hematopotphyrinuria within a week; both were extremely neurotic, 
_ dyspeptic and constipated. 

In the first case the symptoms followed Иле tice & isis 

А dose (20 gr.) of acetanilide had been given in three doses within four 
hours. Partial suppression and retention of urine, which was port-wine 
in colour, followed immediately, and death occurred a week later, the. 
.legs being paralysed for a day before death. Their second case 
developed no paralysis and recovered, though the symptoms otherwise | 
were similar. It is difficult to believe the possibility of . simple 
‚ -coincidence for such a rare condition as hematoporphyrinuria in these * 
‚two cases, in the absence of some common factor, as a drug, of which 
however there is no record, a the)excessive dose of acetanilide in 
the first case. ^ 

Schulte [34 described the case of & ship's cook, aged 35, who was 
‘seized with abdominal pains, hamatoporphyrinuria, followed by typical * 
_ multiple neuritis affecting the arms only, paresie of the deltoids, biceps, 

| ` supinator longus, infraspinatus and the extensors in the forearms. The 
pulse was only 48, there was no pyrexia arid the man recovered. 

Bachlechner [2] has recorded a case of hematoporphyrinuria. 

' followed by. symmetrical wrist-drop and foot-drop, with the reaction of 
degeneration, in which, the paresis developed with two succeeding 
attacks of the acute symptoms; and Gunther [18] states that repeated. 
‘attacks of the syndrome of acute hsomatoporphyrinuria may occur, 
"within a year, though in none of his own cases did polyneuritis, 
develop. 
` L.F. Barker and Estes [8] observed a girl aged 18 with hemato- 
porphyrinuria and polyneuritis which ended fatally after sixteen months. 
She passéd dark urine for the whole of that time, and suffered from 

| pain in the lower abdonien, recurring nausea and vomiting, vertigo and 
epileptic fits. Laparotomy disclosed a dilated pylorus and duodenum. 
Two months later, after complaining of severe pains all over, bilateral wrist 

‚ and foot drop developed, with extensive muscular atrophy, including the: 
intrinsic hand muscles. ‘The deep reflexes were at first exdggerated 

. but,later lost, and she died four months later. At the autopsy there 
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- was found great distension of the stomach and duodenum. А very 
interesting point in this case was that the family.history disclosed the 
fact that four other members of the family seemed to have suffered 
similarly with heematoporphyrinuria and nausea with abdominal pains, 
one of her sisters having died after being ill for mine months 
with similar symptoms. The strong family tendency to these sym- 
ptoms, associated with hæmatoporphyrinuria, is practically conclusive 
evidence of an autotoxæmia being’ the origin of the syndrome. In 
all probability an intestinal toxin is to blame. Barker and Estes regard 
. the gastro-duodenal dilatation as primary, the toxemia producing the 
hæmatoporphyrinuria and polyneuritis being secondary. In my second 
and fatal case the obstinate constipation was a striking and troublesome 
symptom from which he had always suffered, and it is н that: 
the toxemia was intestinal in origin. 

Gunther applied the term acute ton Ron ТРЕЯ to those 
cases, in which the symptoms follow chronic poisoning by sulphonal, 
trional, tetronal, veronal or its derivatives. Lead, saffron and glycerine, 

' arè also said to produce toxic heematoporphyrinuria. 
Hematoporphyrinuria resulting from-the use of sulphonal was first 
observed by Stokvis [89], in the case of a woman who passed port- 
wine coloured urine after taking sulphonal for many months. Schulz 
[35] described a fatal case after taking 15 gr. of trional daily for one 
month, the symptoms being epigastric pain and vomiting, and followed 
by loss of strength two weeks later, hematoporphyrinuria appearing for 
' a few days ‘before death. | Many cases of this acute sequel of chronic 
| sulphonal or trional poisoning have since been. published, and in about 
one-fourth of them acute -paralysis has been noted. The syndrome 
closely resémbles that of acute hematoporphyrinuria not due to drugs. 
Thus, severe abdominal pains, vomiting and constipation, are often 
prominent symptoms, ‘recovery rarely happening when all these three 
symptoms are present. A typical case was described by Anson [1]. 
А A woman, aged 35, after taking 30 gr. of sulphonal daily for three and a 
‚half years, developed acute abdominal symptoms, constipation, hæmato- 
-porphyrinuria, intense pains in. the'legs, loss of knee-jerks, followed ` 
ten days later by marked. weakness of the legs, increasing to total 
paralysis, the arms being later similarly affected. There was no 
anssthesia, but incontinence of both sphincters until death. In this 


'*. case no toxic symptoms appeared until the drug had been taken 


regularly for three and a half years, but in other cases the symptoms 
have come on acutely after even one or two doses of trional or sulphonal. 
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Aim Keith- Campbell's case in 1897 [7], in the Rcyal А Perth, 


a "domestic servant, aged 22, nervous and, depressed, and suffering from | 


$ constipation, was given two powders of 15 gr. each of sulphonal and 
' phenacetin. Vomiting commenced four days later, and _heematoporphy- s 


ies fourteen days after taking: the drugs. Convulsions developed aa 
as nystagmus, progressive paralysis, loss of the knee-jerks, and. 
death occurred thirteen days after the first vomiting. 

Stoc ton [88] described a case of acute ascending paralysis with: ` 


NS nes in & girl, aged 27, who, previously strong end 
E healthy, became obstinately constipated, and twelve months later 
nervous, irritable and anemic. She was given three doses of 5 gr. each 


` of sodium salicylate and sulphonal, Vomiting set in, the pulse became, 
' slow abd the urine claret coloured. Fifteen gr. of sulphonal was given, T 


and next night a similar dose’ of triongl, but both failed to induce sleep. 
‘Anesthesia of the buttocks appeared, followed by incontinence of both : 


sphincters, shooting pains in the legs; progressive paralysis and : 


anesthesia, . the drms' being last affected, and loss of the knee-jerks. 
Some! power ‘returned in the feet and legs but the arms remained 


totally paralysed, and there was total loss of sensation on the trunk and .' 
lower limbs. ` Doubtful optic neuritis was observed before death. 'No - 


| autopsy was obtained. . In the discussion on this paper, Putnam' [30] ^ 
. referred to a case of his own of increasing paralysis with hematopor- / 


И phyrinuria following, the ‘administration of 'sulphonál, in ‚which d 
. degenerative neuritis was discovered, at the anko nai ane d “cord 
_ being normal. 


A case of hæmatoporphyrinuric polyneuritis following ` the use of: 


, brional was published in 1901 by Hart [20], in which recovery 


occurred ‘Trional differs from sulphonal only in the substitution of an 


ethyl group, C,H, for а methyl group, CH, His patient was a ' 


woman, aged 50, who had taken much trional for a long time, when 


acute. colicky, abdominal pain with , nausea and vomiting developed, 


There was, no pyrexia, abdominal tenderness or disiension. Five days 


later hæmatoporphyrinuria appeared, followed within a week by pro- . 
‚ gressive paralysis of the extensors of the feet and wrists, with severe 


pains, - ‘anesthesia and loss of deep reflexes. There was delirium. and 


“psychosis of Korsakow type. The pains in the limbs and abdomen 
' were excruciating for a-time, and limb contractures developed, followed m 


by a slow recovery. 
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De Вовв'ѕ EXPERIMENT ON THE FROG. 
(From the Physiological Laboratory, Utrecht.) 
BY J. W. LANGELAAN, | 
De Bozr’s experiment consists in cutting the rami communicantes 


which unite the sympathetic chain with the spinal nerves of ‘the lunibar 
plexus. After their section the frog is fixed in à clamp by means of a 


hook through the nose, as was first done by Brondgeest. When | 


hanging in this way the difference in position and in length of the two 
hind legs can be observed. In these experiments the frog was always 
intact, that is the spinal cord was not divided. According to de Boer the 
leg on the side on which the rami communicantes are cut is invariably 


.more extended and slightly longer than that of the normal'side, and he | 


attributes this difference to a loss of tonus of the muscles of this limb. 


He states that the loss of tonus in this case is as complete as after the 
section of the posterior roots of the lumbar plexus. This effect, ' 


according to de Boer, is permanent, and he concludes that muscle tonus 
is governed exclusively by the sympathetic system, and .that the 
impulses maintaining tonus reach the muscles by way of the rami 
communicantes.  ' Е 
The same experiment repeated ор the cat has yielded similar results, 


: The definition which de Boer gives of tonus is the same as that of | 
Johannes Müller, Brondgeest, and ‘the great majority of recent investi- 


gators, viz., a state of slight contraction of muscle. 


` In repeating this experiment I performed the operation, as carefully | 


as possible. The frog was rendered motionless by being wrapped, in 
cotton wool and the needles which fixed the animal pierced the wool 


only. The intestines were always kept within the abdominal cavity - 


and pushed aside bÿ means of a little tampon moistened in Ringer’s 


solution. The blood-vessels were spared as far as possible, especially’ 


the large vena dorso-lumbalis (Gaupp). - Before reaching the rami 
communicantes, the parietal peritoneum must be incised and in most 
cases the kidney pushed a little aside. In this latter Manipulation, as 
well'as during the section of the rami communicantes, it is difficult to 
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avoid stretching the sympathetic chain and its branches. The stretch- 
ing of these nerves inorensos and lengthens the period of shock following 
the section of the rami.!, The same effect is produced by bringing the 
intestines outside the body in order to facilitate the operation; most 
observers have done so and conssqasntiy ‘produced severe and prolonged 
shock of ‘the spinal reflex arcs. 

I have performed the operation in every case on the right side only 
"upon male frogs of moderate size. The operation is much more 
difficult in rana temporaria than in rana esculenta, amd in many other 
respects too the former is not so suitable for the experiment. ‘I usually 
divided the rami communicantes uniting the sympathetic chain with 
‘the seventh, eighth and ninth spinal nerve trunks, but in some cases 
- the sixth ramus was also sectioned, and in others the tenth? The 
latter ramus is very slender and does not seem to influence the muscles 


- of the hind limb. As the wound must, be carefully sewn up, this part 


of the operation took approximately a quarter of an hour and conse- 
quently I never observed the animals earlier than ten to fifteen minutes 
after the section of the rami communicantes. 

Rana esculenta survived the operation well for several weeks, after 


' which the animals were then killed for the purpose of autopsy; rana 


temporaria, however, stood the operation badly, suffered from severe 
shock and often died within the course of a few days. I think this was 
chiefly due to the bad state in which the ашан reached the laboratory | 
during this year. 

When a normal frog is suspended by means of a hook piercing its 
nose, its first act is a defensive movement. By placing its feet against 


- ¡the hook and then stretching its extremities with force, it tries to free 


itself from it. A small drop of a 3 per cent. solution of cocaine upon 


' the wound through which the hook passes often suppresses these move- 


ments. As soon as the defensive movements cease flight movements 
appear. In rana esculenta swimming movements are more common, 
whilst in rana temporaria jumping movements prevail. In its natural 


‚state a frog. performs two different kinds of swimming movements; 


ordinary swimming, that is symmetrical and synchronous movement of 
the four legs, and alternating swimming movements. As soon as the 


1 The-term ‘‘ shock 5 is used for that temporary suppression or depression of nervous 
‘function which follows immediately "pn mechanical injury of some part pf the nervous 
system. А ч 

*The spinal nerve leaving the cord between the first and second vertobræ\ie reokoned. as. 
the first spinal nerve. à 
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doré-part of the body cesta an obstacle when swimining in the ordinary 
‚way the ‚ movements become | alternate; then the extended right. 
fore- limb i is flexed anid adducted to the chest, and the ‘flexed and 
adducted ‘left hind limb ів extended with force. These movements 
alternate with the теуєтве ‘movements of the contralateral limbs; they ` 
“are slower and less strong & than the symmetrical swimming movements. 
On reaching land this alternating movement insensibly develops into 
creeping. Alternate“swimming is, therefore, the transition- between” 
swimming and ` creeping, or it is a creeping movement in water. he. 
jumping movement; is always ушен, consisting chiefly i in vn 
extension of both hind limbs. > All these movements’ are, slightly: 
modified when, the frog is suspended, but in general they sre easily, 
recognized.  : 
+ „In my'experiments the hook that ME the nose was аб аваа : 
immediately at the clamp, but was held by another hook fixed into”. 
the. clamp. This arrangement allowed rotation to occur round ihe 
vertical ' axis as, soon as the animal executed a movement which was > 
not strictly symmetrical. Most observers using the suspension method 
of Brondgeest seem to have’ attached their animals in a similar way, . 
80 that there is: scarcely any doubt that the reflexes caused by these - 
rotations hampered their observations. ‘The rotation movements ee 
occur in my arrangement have in general & small amplitude an 
quickly i increasing and decreasing angular velocity. The frog is said, = 
‘rotate clockwise when the rotation is in the same direction as thé 
hands of.a watch placed with the dial plate’ upwards ; ‘when the move- ' 
inent is réversed we say that the frog rotatés anti-clockwise. 

Such. a rotation stimulates both: labyrinths simultaneously but not. 
to the: same degree. "Olockwise rotation stimulates chiefly the left . 
‘labyrinth, anti-clockwise the right. The two labyrinths ‚act synergi“ . 
cally i in the reflex movements they produce; these are most marked in 
ihe hind: linibs; but they occur in the! fore limbs too. The movements . | 
of the hind limbs are ‘chiefly extension ‘and flexion; the extension | 
movement begins. with spreading ‘of the toes, combined with: forced 
extension of toes and foot, followed by extension at the knee-joint and : 
later by abduction.of the: whole leg from the middle line, combined with ' 
a slight ventral adduction at, the hip-joint: The flexion movement com- - 
mernces with adduction of the toes, associated with flexion of toes and 
‚foot; ‚then ‘flexion at the knee-joint,'followed by adduction of the whole : 
deg towards ihe: rhiddle line, and: à slight dorsal adduction at the hip- | 
joint., n extensión movement of the fore limb commenceg with & 
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| light аа of the fingers, followed by extension of the arm and 


abduction from the body. The flexion movement begins with a slight 
' adduction of the fingers, associated ‘with flexion of the arm and adduc- 
_ tion of the whole limb against the chest, ‚The reflex movements result- 
‘ing from the. rotation of the suspended animal are shown in the 
‘following synoptic table. CMS Е. 


\ 
ANIMAL ROTATING ANTI-CLOCKWISE (RIGHT LABYRINTH CHIBFLY STIMULATED). 


TC E А ( . Right, forced extension. 
К E i Hind limb > А ^ 
р А | Left, flaxion. 
Right labyrinth +, oe 
A Я ; ' ( Right, extension, 
Fore limb | 
Bw ' ‚ Left, flexion. 


' | Right, extension, weak or absent, . 
AL . | Hind limb 
EA 2 | 


Left, slight flexion. - 
m Left labyrinth А 


\ 


Fore limb : "| 


Right, extension, weak or absent, - ’ 


26 Lett, Бан flexion. 


t 


T 1 
When the animal rotates clockwise it is the left labyrinth which is 

| chiefly stimulated, and the. resulting reaction may be deduced from 
the table. by interchanging right and left. _ 

~, Thé movements elicited reflexly from ihe labyrinths are rather slow 
and are executed with considerable force. ' They commence in the toes 
and foot of the same side as the labyrinth which is stimulated by the 
rotation, so that when the animal turns clockwise it is the toes of the 
“left foot which first spread. . If the stimulus is weak, or the threshold ' 
„high owing to'the exhaustion of the reflex, the only obvious reaction 
` is. the .spreading of the, toes,- the slight extension of the limb often 
escaping our attention. : 

. The reflex “elicited by the rotation, of the suspended frog » was first 
. described and recorded photographically by Dusser de Barenne [7], who 
proved its labyrinthine origin: This reflex must’ not, be confounded 
‚with the automatism provoked by suspending the frog by means of a 
twisted string, so that the animal turns slowly and always in the same 
direction. Like all reflexes in the suspended animal, the rotatory 

‚ geenis to be a normal reflex, for if we imagine the animal in its natural 
'' position with its four legs touching the ground the extension of the 
limbs of one side would check rotation round its cranio-caudal axis. 


. According to the researches of Quick [16], this is the normal reflex 


‚movement elicited in all vertebrates by stimulation of the semicircular 
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. canals. The rotation id is therefore ‚probably a давна! labyrin- 


thine reflex, slightly modified by the suspended position of the animal. 
When the animal has been suspended for some time, the irritability 


. nature of the tissues in which the hook is fixed; under these con- 


-ditions the excursions are greatly diminished and easily escape our 


‘of the semicircular canals is increased owing to the abnormal position, . 
_and consequently even a slight degree of rotation is followed by a reflex _ 
movement. . It is not possible to eliminate the reflex by suspending the . 

'. frog by a single hook, since rotation may still occur owing to the elastic ` 


: “attention, and we may be therefore deceived by the reflex movements  - 


provoked by them, on г 
When the intact frog i is suspended the defence sonate is the 


E predominant reaction, and when it is eliminated the rotary. reflex 


usually ‘prevails. As soon therefore.as flight movements produce a 
slight rotation of the animal, they are suppressed by the rotation reflex. 


` At the. spinal cord of the frog is divided between the second and third 


spinal roots ‘the defence and the rotatory reflexes are abolished, and 


‚the flight reflexes prevail. ‘The swimming and jumping’ movements, 


however, have no longer thé same precision as in the intact animal, 
‘and are ‘often, arrested before the apparent aim of the movement is' 
attained ; . in other words, the automatism subsides into & anne 


sequence of spinal reflexés. 


It has been pointed out that the difference in the position of the 


, 


two hind limbs may be rendered more evident by immersing the frog _ 


in water. Water being a dense medium of approximately the same‘, 


muscles have free play to develop their strains when the animal is 


` immersed. But water, in consequence of -its density, also restricts 


movements, , which consequently either do not occur, or cease earlier 


| specific density as the tissues, the tensional stresses existing in the” 


than ‘they would in air. But the reactions observed when the sus- ` 


pended frog is immersed may not be the normal ones, since the i immer- j 


sion may act as a physiological ‘stimulus. If the frog is lowered slowly 


and at a uniform rate and no farther than the middle of its body, into 


water of exactly ; the:same temperature as the room, the immersion seems 
to have no stimulating effect, but if these precautions are neglected 


. swimming movements are often elicited.. Immersion into water of much 


lower temperature than the room seems to increase the flexion of. the 


hind legs, but not to influence extension. This method therefore intro- : 


duces many sources of error and cannot be considered an improvement. 
The’ suspension of a normal frog by a hook is also an unsatisfactory 
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method, апал. le not have TR it if the question whether 

efferent sympathetic nerves influeñce the tonic state of the muscles had 

not been raised by de Boer’s experiments performed by it. 

“ In an earlier publication [10] I tried to show that muscle tonus 
depends upon two different properties of muscle, and that these two 
properties are governed by two different sets of efferent nerves. Shortly 
afterwards and independently, Pieron [14] [15] came to the same 
conclusion. The first property of the tonic muscle is plasticity. A 

` Љоду is said to be plastic if its form is permanently altered when a stress 
‘to which it is subjected is removed. It follows from this definition 
that if the body was in a state of equilibrium before the deformation, it 

+ will be again in equilibrium after the deformation. If, therefore, the 
form' of a plastic muscle is altered for a: moment by the action of 
internal-or external forces, the deformation produced by these forces is 
partly permanent. The greater the permanent deformation in com- 
` parison with the total change of form, the more plastic the muscle. 
Hence, if a muscle contracts a shortening remains, while if it is 
extended by the action of its antagonists a lengthening is the result; 
‘whereas a muscle which has lost its plasticity returns after each change 
_ of form to the same definite length. It is evident that a permanent 
` deformation in a muscle is not attended by a continued expenditure of 
energy nor accompanied by rhythmic electric phenomena, while the 

- production of a permanent deformation, or,a variation in an existing 
deformation, is accompanied by the expenditure of free energy and by 

electric phenomenal. Plasticity, I believe, is intimately connected with 
‘what is usually called the “trophic state” of the muscle, and the 
degree of plasticity may possibly therefore prove to be a measure of the 
trophic state of muscular tissue. 
Plastic tonus is that state ‚of the muscle in which it has the’ 
properties of a plastic body. This term is chosen to indicate that the 
„plasticity of muscle is maintained and controlled by the central nervous 


' . system. Ав shown in an earlier publication [7], an isolated muscle 


may be deprived of its plasticity by physical disturbances of the same 
kind as occur during the ‘normal function of the muscle. There is, 
‘therefore, no doubt that the maintenance of plasticity is a function of 
the central nervous system. Hence, plastic tonus is a reflex tonus. It 
shows itself not so much during, movement as after movement. It 
- influences therefore the attitude of the animal, and its: diminution or : 


‘Flectric phenomena have been observed by de Meyer us in non- PR de- 
formation of muscle, 
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Joss must alter ual ès Sherrington, ste п] in his 
article on reflex postural activity, caMed attention to this function of 
the tonio muscle. “During: movements plastic tonus influences the. 
steadiness of the movement, and its diminution or loss is revealed by“ 

1, 'ansteadiness of movement. . 
The second property of ihe tonic muscle is the faculty of maintaining 

| a state of Slight- contraction. ‘This property. of muscle I proposed to’ 

| call contractile tonus. It is the reflex' tonus of Johannes - Müller, ' 
Brondgeest, ‘de Boer and of most of modern authors; it is now generally 

‚ү admitted that it is maintained and controlled by the central nervous 
system. . When in a state of contractile tonus the muscle is not in 
M , equilibrium, but in a state of slight contraction. For this reason the . :. 
Ё ' maintenance of the coñtractile tonus is accompanied by the expenditure 
“of free energy and by rhythmic electric phenomena; and 16 is therefore , . 

B intimately connected with heat. production, especially in the homoio- 
thermic animals. The: view that reflex tonus comprises two components ` 
is in harmony with recent morphological researches of Boeke [1], as 

, Well as with е, researches of Wertheim Salomonson ' 118] on the, 
, electrié phenomena of tonic: muscle. : 
. In order to avoid confusion, 1: will use the word “tonus” as the . 
generál term, comprising the two components, plastic and contractile 
tonus. The part played by each of the two components in the joint 
results is left indeterminate. The terms “plastic tonus" and “con- 
“tactile tonus " will: always be used strictly à in the sense defined above. 
; eas ! 
The. first group of experiments was | made on intact. frogs, the spinal 
cord not being cut. The seventh, eighth and ninth rami communicarites | 

' "were divided on the right side. As soon as the animal is released, a 

quarter of an hour after the operation, it immediately regains its natural . 
position and jumps away; when placed in the basin it swims. "The - | 
voluntary movements seem almost normal, but the animal, when 
jumping. or swimming, often deviates a little from the straight line.. 

On squatting immediately after having made a jump, the attitude is. 
abnormal (fig. 1). The trunk deviates to the left, the right hind limb 
‚is abducted from the body, the knee points laterally and the foot is not” 

- covered by the leg; the area of the limb in contact with the ground is’ 
larger- sthan on the normal side. It is evident, on examining the mid- 
dorsal line, that the superior part of the trunk forms an obtuse. angle 
with the inferior part. Below the level of this angle on the right. side” 

j the papillo of the skin are anal and the skin itself is darker. On 
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the photograph reproduced in fig,1, these changes, characteristic of loss 
of function of the sympathetic system, are very striking upon the trunk, 
_but they exist also, though less d inctly, upon the right hind limb 
"When the animal sits quiet, y th rvature of the trunk gradually 
diminishes in the course of some ninutes, but a slight deviation 
remains. The abnormal position of the hind limb is usually also 
corrected, but as this correction takes place abruptly it gives the 
impression of volitional mov me The slight deviation of the trunk 
at rest persists for a perioc O: o six weeks, and then disappears in 


Fig. 1.—Normal frog (R. esculent Section of the seventh, eighth and. ninth rami 
communicantes on the right side; ) the following day to show the attitude of 
the animal three minutes after havi ir і 


" 


consequence of gradual con sa ion ich may go so far as to lead to 
slight deviation of the trunk to t site side. As I will show latér, 
it is impulses emanating | from t t labyrinth which bring about 
this compensation. As soon as the | comes to rest and floats upon 
the water after swimming, the right hind leg is not adduced to the 
body, but remains partly extended and hangs down (fig. 2). Sometimes 
extension is the most strikin feature, at other times it is drooping of 
the leg. In consequence of this abnormal attitude, the frog no longer 
floats symmetrically but the right half of the body, and especially its 
posterior part, is more submerged. When floating quietly this 
abnormal position may persist for a long while, but it is usually 
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corrected, apparently volitionally, in the course of some minutes. 
The abnormal attitude of the hind limb is permanent and may be 
observed for several weeks after the operation (fig. 3); complete 


> 


Fie. 2.—Normal frog (R. esculenta). Section of the seventh, eighth and ninth rami com- 
municantes on the right side on December 27, 1921. Photographed next day as the animal 
floated on water. The right side of the body is more deeply submerged, and the right hind 
limb hangs down. " 


Fic. 3. —Normal frog (R. esculenta). Section of the seventh, eighth and ninth rami com- 
municantes on the right side.on January 4, 1922. Photographed on January 28, 1922, as 
the frog floated in water; front view. The right half of the body is more deeply submerged, 
aud the right hind limb is more extended and hangs lower. Same animal as in fig. 4. 


compensation did not occur in the course of my experiments. These 
different abnormal postures are easily observed in rama escu- 
lenta ; in rana temporaria they are often absent shortly after the 


+. 





al one. The flabbiness of the limb by the 
ion andi is always eee It. may be demons 


1 a the two thighs. The flabbiness of. i 
| ally diminishes in the course of the first day after 
n remains approximately unchanged for at least t 
appens after this period I do not know. : 

: mparing the attitudes of the hind limbs when th 
en: ed during the first hour after operation, it is evident that 
ib is more extended and that the right foot droops. Тһе 

ngth of the limb is chiefly due to this abnormal 
E When measured by means of a horizontal m 
“approximately 3 to 4 mm. in a middle-sized fr 
length from nose to toe. In some cases the diff 
immediately after the operation. If the animal 
ed in water the difference in the position C 
ге obvious, and the flabbiness of the limb is nx 
even the slightest vibration of the fluid is commun: 
whilst. the normal leg remains at rest, . Some. time after 





observed that immediately after the operation he 
and shorter. than the normal one, but in th 
hour it became slightly more extended and lon 
imal was hanging quietly. In these cases the final | 
r exceeded 25 mm. 1 am inclined to believe that in 
o local shock was very slight, and that the section of the 
ntes may have acted as a stimulus. = 
as the frog is suspended immediately after the ‘operati 
akes defence movements. When this reaction to its abnoi 
s ceased spontaneously or is suppressed by a ‘drop of co 
е Ems reflexes and those elicited from the skin a are 


y “the section of the rami Han n. The det | 
of the reflexes depends chiefly upon the manner in which 
performed ; if easy the depression is slight and « f: 
on the other hand, difficult and attended by stretchi 
etic chain, the depression is deep and prolonged. . 


can be elicited is always the rotatory reflex. It re 
first hour after the operation and long before the stationa 
ched, in wack п оше of the “en hinid, limb a 
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movement of the animal the right limb is temporarily shortened and 
the left limb temporarily extended. This is the reason why Dusser 
de Barenne [6] observed shortly after the operation that the hind 
limb on the side on which the rami communicantes are severed is 
shorter than that on the normal side. It is only during the period 
of local* shock, when the rotatory reflex cannot be elicited, or at the 
moments when the labyrinthine reflexes are* exhausted, or, finally, 
when the animal has been hanging quietly for at least a quarter of an 
hour, that the elongation following section of the rami communicantes 


Ето: 4, —Normal frog (R. esculenta). Section of the seventh, eighth and ninth ин com- 
municantes orf the right side on January 4, 1922; photographed January 25, 1922. The 
flexion of the right hind limb when suspended is due to predominance of the left labyrinth. 


e same animal is shown in fig. 3. 


can be obseryed in the frog in which the spinal cord is intact. I 
have also tried to demonstrate the difference in function between the two 
labyrinths by placing the frog upon a rotating disk. The correction 
movements, however, are chiefly executed by the head and those parts: 
of the trunk lying above the level where the rami are divided. "The 
method afforded, therefore, no definite results. , 

The reflexes that return next are those elicited from the skin. The 
first to appear is the simple flexion reflex, quickly followed by swimming 
movements, especially in rana esculenta, and by jumping movements in 
rana temporaria. The swimming and jumping movements often appear 

*quasi-spontaneous. From the first moment that all these reflexes 





action. or after аера is ‘diminished. on the righ 
h the normal side. . "The right hind. limb, having execu 
, returns, therefore, more nearly to its inherent equilibrium 
| the normal one. It follows from these considerations tha 
nee in. length of the two hind limbs, as soon as the local shoe’ 
мау, is not a fixed quantity, but depends chiefly upon wha 
st before the limbs were at rest. Owing to the predominan 
y reflex the right hind limb is more likely to be shorter а 
rarily chosen than the normal one. This fact was 
the frog by Yas Kuno [9] and by Negrin y Lopez.i 
ith von Brucke [10], in the cat.. It was errone 
by these observers as being in confradiotión with de B 


ing ; the result of this group of experiments, we enel 
he seventh, eighth, and ninth rami communicante 
wed by local shock of the primary reflex ares of th 
| the period of shock, the loss of tonus is ‘complete (d. 
As soon as the shock has passed off the loss of tonus 
al (Dusser de Barenne [6]). As a result of section: of. 
inicantes, the muscles lose a great deal of their plasticity. 
ition of the plasticity of the muscles shows 4 tself most. 
n the attitudes of the animal, but the movements: also. da 
The results of diminution of plasticity: are gra 
` by stimuli emanating from the labyrinths, especia 





a little to the body. - | 
al floats upon the water ina basin, the hind dr 
ught almost into its normal position. At the end ( 
the nog hind limb is s still a little BaP OY “Wien the 


n length between the two legs amounts 
a frog of normal size. This agreement in pos 
agation is due to the fact that in both instances the 
rí luces. a severe local shock of the primary reflex arcs of th 
n consequence of which there is temporarily a com] 
In the course of the first day after the operation 
‘position and length of the two legs diminishes, a 
he | right hind limb does not exceed the length 
han 1 to 2mm: This difference is still | 
peration. The rotatory reflex reappears \ 
At first the flexion and the extension of the т 
( feeble, but soon the difference between the reflex 
nents of the two sides is hardly perceptible. When the ope 
oduced | but little shock, the rotatory reflex. may be present : 
t moment, and movement is almost normal—the only d 
een the two sides being a slight diminution of the stea 
і ovement of the right limb. This unsteadiness is only 
hat phase of the reflex movement in which the foot 
joes Steed. When the кшп has been suspende 





The postures and | 
matel Y normal so that the diminution 


s complete іп the distal part ol the еду ‘the 


‘the heels Mu wp each Pune. As a а 


when ii s cord is intact. 
h üspended animal are e qualit jen 
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ments which more clearly reveal the diminution of plasticity. The 
flabbiness of the limb, though diminished, still exists on the tenth day 
after the operation; I did not sa TAA ‘the mutas for a кез) Mie 
'The unsteadiness may be den 
feet simultaneously ; then the h 


The left hind limb ing phe podtion somewhat longer and then 
falls slowly, often by steps. When the right leg is actively extended 


Tic. 5.—The spinal cord was transected l:5 mm. below the calamus scriptorius on 
January 9 at 1 p.m. At 1.30 p.m, division of the sixth, seventh, eighth, ninth and tenth 
rami communicantes on the right sid Photographed at 1.30 p.m. on thé following day 
to show the difference in position and length of the hind limbs when the animal was partiy 
immersed in water. The right limb—a: cially its distal. | part—is surrounded by a halo, 
owing to slight vibration transm ted | 1 nb. from the water; it affected this limb only. 


its position a equi ilib ) 
I often got the i impression that t 
to which were > divided, was. mot sc 


to all REN Genie ae while in this flexed position. 
which may be maintained for several minutes, the reflex irritability of 





| аз the Ше: of the sels which ie рге 
nus [11]. In both instances, I believe, the shortenin 
ulses reaching the muscle from the sympath tie systen 
periments the succession and the interval of time between 
i erations was varied, but the chief results were alway e 


uring the period of shock the lon of овы, ig- ample ani 
he. shock has me a diminution eh the tonus remains. 


n of the spinal cord between ilie second and thir 

proved by autopsy to be incomplete, taught that the ro! 

ugh feeble, may still be elicited if the external part. of the 
end. tract and the zona | marginalis only are left intact. | 


8 longitudinalis posterior, was always spared. : X : 
he a mation known in the higher vertebrales 


ft by the section of the rami communicantes, tati B e mor 
> bo on 5 hich 
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Баа the ecules of this fourth rano of experiments, we 
may conclude: The fibres conducting tonic. impulses from the labyrinth 
to the muscles pass by. the way of the corpus restiforme; a certain 
part.of the fibres subser ving the rotatory reflex enters the tractus antero- 
. lateralis of the spinal cord. | 


. The results of this research have led to a scheme of the primary spinal 
reflex arcs which differs from the current conception. While I was 
completing this scheme, Bok [3] published his morphological researches 
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Fra. 6.--Scheme of the primary spinal reflex aros. O v.a., commissura ventralis alba. 
Ext.o., exteroceptor. G.int., ganglion intervertebrale. G.symp, ganglion sympathicum. 
{nt.o.,. interoceptor. N.i.l., nucleus intermedio-lateralis, N.i.m., nucleus intermedio- 
medialis, N.m. 0.8., nuoleus motorius cornu anterioris. N.c.p., nucleus proprius cornu 
posterioris. Prop.o., proprioceptor. Rd.d. VIII, radix descendens nervi vestibularis. Rd.a., 
radix anterior. RAP., radix posterior. Rm.o.,’ ramus communloans, Tr.l.v., tractus 
; latero-ventrahs. Tr. m.h, , traobus medio-lateralis. 


' on the ence of the spinal cord. The results at which we had 
arrived. independently agreed so closely that we have tried together to 
plan & scheme of, the. primary reflex arcs of the cord. In fig. 6 this 
scheme is reproduced. We started with the idea that the primary 
spinal reflex arcs subserve, in the first place, the more primitive spinal 
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?eflekes. ' The se exteroceptive кейс elicited. from the аба 


"sare, in our opinion, the nociceptive withdrawal. reflexes, of which the 


: simple flexion’ reflex is the: most. ‚common ‘type. "The primitive pro- 


prioeeptive reflex initiated in the motor apparatug itself is tonus. -The © 
‘labyrinth, in as far as itb impulses help to maintain. tonus, we associate 
for ‘well-known reasons with thé proprioceptive system. The primary : 
spinal. reflex. -arcs are, we believe, homosegmental, at least ‚in those‘, ' 


cases in. which the. primitive segmental character of the sympathetic | 


system is ‘still preserved. When, however, the outflow of the sym- 
pathetic’ fibres from. the central nervous system contracts and becomes 
confined * ‘to the, thoraco-lumbal part of the cord, this primitive char- 


P acter of the primary reflex arc is of course modified: Assuming that 
'' the primary reflex arc in the lumbal region of the frog’s spina] cord 
‘is still horhósegmental, (we reproduce in our scheme only those ‘ele- 


‘.ments which appear in a sequence of cross-sections of a single spinal 


‘segment. The new fact incorporated in this scheme is represented 


by the, nucleus intermedio-medialis. (Cajal [5], Вок. [8].) By the 
intermediation of the cells of this nucleus the stimuli reaching the ' 


1 


‘cord by..way of the posterior roots are distributed over the efferent : 


sympathetic cells of the nucleus intermedio‘lateralis and to the motor 


cells of the anterior horn, reaching first the efferent sympathetic cells , : 


and then the motor cells of the anterior-horn. The nucleus intermedio- 


reflex arcs. , 

“= In order that this scheme may not be misunderstood. we call atien-, 
tion to the fact that the more complicated combinations of, movements, 
especially progression and active: attitude, are initiated by stimuli 
emanating from centres lying above ‚the medulla oblongata. The 


| fibres connecting these centres wit the spinal motor centres enter the , 


antero-lateral tract. above the level of the primary. motor centres where ' 


they terminate. These fibres are present in large numbers, but have, 


béen omitted in the scheme as not pertaining to the primary spinal 


. mechanism. „ For: the same reason there have been omitted the ' 


EM 


labyrinthine fibres that enter the antero-lateral tract. above the level. 
-of “the second: spinal nerve, as wel as all intersegmental, associative 
‘fibres.’ x ` Y ! 


. medialis is, therefore, the final common pente. of ше primary pis 


r 
' 


ae 


On the basis of this scheme we may now say more pilla what is 


eant: by the word “local” in the term “local shock." On dividing ~ 
‘the rami communicantes it is clear that shock affecss, in the first place, * 
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‘the ‘nucleus intermedio-läterälis, and that when it spreads it reaches the 


'. nucleus  intermedio-medialis. . Similarily division’ of the posterior . roots 


Р 


causes, in the first place, shock in the äfferent ection of the primary 


-' spinal reflex arc, 1.6, in. the nucleus. proprius cornu posterioris ; then 


' 


‘the shock extends to the nticleus intermedio-medialis. The fact that 
shock ‘affects the, nucleus intermedio-medialis after section of the rami 
communicantes, as well as on section of the posterior roots, is the 
reason of the close correspondence 1n the state of the animal immediately 
after those two operations. 

А Та conclusion, I' 'haye to thank my colleague, Polo: X nardo: 
maker, who in the most courteous manner placed his Iaborakory ab my 
| disposal. a 5o \ 
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THE ‘CENTRAL CONNECTIONS OF. THE "VESTIBULAR 
-NUCLEI WITH .THE CORPUS STRIATUM, AND THEIR 
SIGNIFICANCE, FOR OCULAR MOVEMENTS AND FOR 


"E LOCOMOTION. 


‚BY Lh J. J. MUSKENS, AMSTERDAM, 


THE ‘main facts about the REN. tracts have been known for 


` - some considerable time, but it is only of late that even a preliminary 
knowledge of the central ascending connections of the cerebral sensory , 


N 


П 


nerves have been attained. Ж 
Monakow, Cajal, van Gehuchten, Probal; Horsley, O. and C. Vogt, 
and Sachs have pointed out the great importance of the thalamic nuclei 
28 central stations for all corticopetal connections. 
Wallenberg, Spitzer, van Gehuchten, and Hoesel were arñong the 


- first to investigate. the central connections of the more important: 
- sensory rierves—the'N. trigeminus and N. vestibularis. As a result of 


these. investigations ‘a certain amount of light was thrown on the 
cerebropetal tracts: of the N. trigeminus, but very little was learned 
about the central connections of the N. vestibularis. It is a curious fact 


~of. these central connections, practically nothing was for’ long known 
about them.‘ This is evident in Horsley’s Boyle lecture of 1905, since” 
in this lecture support is given to Mill’s supposition that vestibular 
ascending connections arrive in the temporal convolutions. This view 
is, however, not accepted by Winkler, Kappers and Brouwer, who: 
regard the lateral fillet as the pathway, or one of the pathways, for 


‘ascending vestibular stimuli to the higher cerebral centres. In 1914,[9]; 


. proof was forthcoming- that the vestibular central connections pass 
` upwards almost entirely in the posterior. longitudinal bundle. A few 
. Pass from the nuclei tecti, where the cerebellar-root of the vestibular 


' nerve terminates, through theianterior cerebellar peduncle. Another’ ‘tract 


may pass upwards from the nucleus ventralis raphé, but this is doubtful. 
These few facts represented thé sum of our knowledge of the central 


connections of the vestibular nuclei, and yet these connections -are of : | 
. the first importance for ocular movements, for equilibrium and for : 


locomotion. Free locomotion and ocular movements in more than one 


plane are first seen in the lower vertebrates coincidently with the 


- that although physiological and anatomical data indicate the importance ` 


1 
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` ay | 
` appearance of à vontibular orgap, or ‘some “comparable apparatus, and 
. with the development of a primitive corpus striatum. 

From the:clinical aspéct, the regular appearance of typical distur- 
bances of equilibrium of the cerebellar type in cases’ of tumour of the 
brain, and the presence of nystagmus and conjugate deviation. of the 
eyeballs in variously localized lesions of the cerebral’ axis, indicate 
unmistakably the existence of ascending tracts from the vestibular nuclei. 

‘The extraordinary importance of the subject and our very meagre 
information seemed to me sufficient excuse for this paper describing my 
work on the central connections of the vestibular nuclei, even if it be as 
‚yet incomplete. ` 3 . 
^ Before ‘passing to a description of my work and its аш I would 
point out that thé anatomical-physiological methods adopted by me in 
‘this and in earlier work [9].are not'yet recognized by other workers. 

. Observations were first made by a series of lesions i in the brain-stem 
ofthe cat. It was found that only legions of the posterior ' longitudinal 
bundle resulted- i in forced movements in the horizontal plane (circus 

‚ movement and conjugate deviation of head and eyes) and in the frontal 

` plane: (rolling movements and squint deviation ofthe eyes). “Lesions 
"elsewhere in the brain-stem were never followed by these types of 
deviation or movement. - | | 

Further, ib was found that, the direction of those forced movements 
was reversed when the legion (hemisection) reached the region of the pos- 
terior commissure, "and the nucleus commissure posterioris and nucleus 
interstitialis. From my observations these nuclei form the termini for 
the ascending fibres, of the posterior longitudinal bundle after they 
have crossed in the posterior commissure. From these nuclei also 
originate the two descending tracts in the posterior longitudinal bundle 
(tr. commissuro- -medullaris and tr. interstitio-spinalis or Boyce’s tract). 

It was also observed that a unilateral lesion of structures oral to these 
nuclei, ‘involving the strands of fibres between them and the globus 
. pallidus, was also followed by forced movements in the reversed direction. 
This. phenomenon, seems to be best interpreted .by the assumption that 
nervous continuity exists between oe two commissural nuclei and the 
globus pallidus: 

In connection with this last ét ib is interesting‘ to note that 
C. and,O. Vogt 1217, “whose work is on purely anatomical lines, have 
“also come to-this conclusion, that a direct nervous connection exists 
between the commissural nuclei of the’ one side and the globus pallidus 
of the other. "This partial anatomical confirmation of facts obtained by 
‘me with the snatomo-physiological eo seems to be a valuable 
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argument in- its favour, and goes far to, justify its adoption i in aMaripting 
to trace the ascending vestibular tracts. T 


In an earlier paper [9] I pointed out that within ihe ‘nuclear y 
‚complex of the N. vestibularis in “quadrupeds a very high: degree: of к 


differentiation of function i is attained. On each side of the median line 


are two nuclei, lesions’ of which, cause circus movements but in ‚different, 


directions. Lesion of one of the nuclei produces circus movements to 


the’ same ‘side, while legion of the other is followed by circus movements 
to thé other side. Injury of the tracts ascending from these nuclei to 
join the mesial part; of the posterior longitudinal bundle also resulta i in 
similar forced movements. Further, on'each side of the median line lie 


_ two nuélei, injury. of which causes rolling movements. These nucléi 
- show the same differentiation as those associated with the circus move- 


ments, since & lesion of one reéults in the rolling movements being 


. directed towards the affected side, while injury on the other is asso- 


ciated with rolling movements directed towards , the opposite side. 


The ascending fibres from these two nuclei are localized in the lateral” 


wing of the posterior longitudinal’ bundle. 
‘It is important to note-that in a cross section involving the whole 


‚of one longitudinal bundle, including as it does the fibres concerned 


with ‘circus movements to both sides, the result is circus movement to * 


the intact side, rolling movement to the affected: side. If, however, the 
lesion is. situated oral to the posterior commissure the circus move- 


ments ‘and rolling movements are coriversely directed towards the | 


affected. and the intact sides. EU : i | 
Tt is found in monkeys, cats and birds, that a ads involving the 
nuclei tecti ‘and their ascending fibres in the superior cerebellar 


peduncle i is followed by the falling backward of the animal, or at ledst ` 
a conjugate deviation, of the eyeballs upward. On the other hand if: 


the lesion involves' the grey matter near;the raphé of the: medulla 


` (nuclei of the raphé) and the medial nuclei,of the pons the result is a 


distinct tendency to fall forwards. Further, a lesion in this region of 
the human ‘brain appears to be associated equally with de da and 
-a forced position of the eyeballs in the vertical plane. 

. Before passing to the main subject matter of this’ paper I would 


"recall my. earlier work of.1907 [8] where I demonstrated that the 


аи tecti receives direct as well as indirect fibres fromthe vestibular 
с nerve. This: was, subsequently confirmed’ Љу de Villaverde [20]. 


These data, on the anatomical, physiological relations of, "the. vesti- 
bular nerve may form a basis for further investigation, for there is, 


` ав far as the Marchis-stain goes, evidence that no other ascending vesti- 
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gitudinal bundles) is ollowed. merely by at 
affected side. In the human subject. even this 
ere is a tendency to lie in bed on the affected 
hat side when sitting up. гызы oh 
erefore, not remarkable that the result of severance ol 
ecting the supranuclear centre (nucleus interstitiali | 
ncephalon should be only a slight tendency to fall toward 
. It must be remembered, however, that this sy 
light is very constant. Further, after a lesion 1 
ephalon in quadrupeds, the cireus movements which result 
marked nor so persistent as those seen. after section of tl 
portion of the posterior longitudinal bundle. Sometim 
ement to the side of the lesion may last a few days 
f the lesion be slight, but there may be a tendency 
viation of the head and eyes towards thglesion. In m 
- regular circus movements never result, but tk 
dency to look towards the lesion. Tf the subjec 
to march there will be seen a clear tende 
aight. Jine. | 
ding forced movements in the ‘frontal pind, alla: prosene 
ns in quadrupeds there is a tendency to fall towards the 
accompanied by a deviation of the eyeballs known as the 
Hertwig «е In man both iod aam must be 


nee has only. y recently been: ко 
icat ‘that a attention has been attracted tot 


ide ‚of the. desio 








ћете ves rii ina a persistent tendenoy: to fal ade Мы 
normal side. Circus movements to the side of the ! 
n the case of the cat and persisted for a few days only 
se of the rabbit, which survived for six months T 
reful observation failed to discover any tendency io tà 
more than another; it was highly probable, theref 


chewitchi s nucleus, which is associated with circus : 
ed injury. Forced movements. in the antero-postei 
en in the cat only, and appeared as stepping and 
They were only present $ r the first - W 


ions, a are Бка т importa : de ren, 
ost identical i in me rabbit and the cat, the fact that: t the a 





THE CENTRAL CONNECTIONS OF THE VESTIBULAR NUCLEI 463 





464 ORIGINAL ARTICLES AND CLINICAL CASES 


Examination showed complete division of the posterior commissure. 
This is a lesion rarely described in literature, but was noted by Probst 
[13], Buzzard and Collier [2]. In the rabbit the secondary ascending 
vestibular tracts in the posterior longitudinal bundles were divided. In 


Fig. 11. 
Fics. 6-11.— Rabbit, Lesion of the commissural nuclei on the left side. Descending 


degeneration of the mesial part of the left posterior longitudinal bundle, and of the lateral horn 
of the right posterior longitudinal bundle. The left globus pallidus is diminished in size. 


the cat the lesion was more limited to the middle line. It was found 
that on the left side (the side of the lesion) both the commissuro-medul- 
laris and the interstitio-spinalis (Boyce’s tract) tracts were degenerated 








yarticularly i in dis median portion, > was le 
ht side „88. б). Ta the paatna region -th 
able, En 


a in a rabbit m. These histological: change 

e entire left globus pallidus, less so the putamen 
nucleus caudatus, show a decidedly atrophic appe 
id with the normal side. Forel’s field on the affect 


her thin, while the lamina medullaris externa Hals 


ominent (figs. 9, 10). 
In the cat (241) the Marchi stain demonstrates cour 


al fibres from > commissural nuclei. In follo 


аце: thalami (fig. 16). From the capsule О 
f degenerated fibres pass at first ventrally, t en la 
ction of Forel’s: field... The lamina meduilari 


en with Bine black spots (fig. 10, hi is с 
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Fig. 17. Fig. 18. 


Figs. 12-18. — Cat. Lesions of the commissural nuclei, mainly of the left side. 
Descending degeneration of the interstitio-spinal tracts, and less so of the commissure 
spinal tracts. Ascending degeneration towards the globi pallidi, mainly on the left side. 


ed nucleus on the one side, and to the debas ‘pall u 
urther, they agree with the anatomical ob: ryatioi 
, who with the use of Clarke's apparatus demonstra e 
fibres passing fróm the putamen to the region 
lidus and thence towards the capsule of the. red nucleus. 
he fore conclude from this evidence that the commissural mue 
onal continuity with the globus pallidus of the same s 
tion consists of at least two neurons between the glo 
he commissural nuclei, whereas in the reverse dire 
neuron exists. 

e results may appear unexpected to the Ben and he 
16 if the work of Bechterew, Probst and Dejerine 
nsidered, it is evident that considerable. suppost. f 
rthcoming. M 
last section I called attention to the agreement | a 

ween my work and that of Wilson. In certain parti 
e differ. Wilson speaks of connections from the 1 
allidus passing to the. region of the red nucleus. I 
the red nuclei were intact, and it is extremely probab | 
the globus pallidus connections do not reach the red nucleu 
ass to the two nuclei situated anteriorly and medially to 

obable. that this investigator did not realize the existence. о 
ym missuree posterioris and interstitialis and: heise descend 
| the. posterior longitudinal bundle. 
iportant when considering results obtained by allied w 

mber that the application of the nomenclature differ 
different countries. The English workers appl 





ac ) pu is  dskonintod with tolling озы tee t 
the Majendie-Hertwig squint. In this paper 
thus : “Tf this symptom (tendency: to fall t 


ns [4], writing in 1916, published six А 
vate frontal brain. In all the cases there was a dis 
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The cortex of the entire frontal and parietal region was reduced to 
a thin lamella in which no traces of tht convolutions could be detected. 
The corpus callosum was atrophied. The left lateral ventricle was 
enormously distended. Of the left corpus striatum the nucleus lenti- 
formis was completely absent, and no part of the left putamen could be 
considered normal, and only a small number of cells were found in the 
globus pallidus. As this case has been discussed for other purposes and 
drawings of sections of it piblished [19], I shall limit myself to а 
statement of those details which are of ‘importance for the present 
research. 


Fig. 19. 


In the first place I would direct attention to the difference in size 
of the posterior longitudinal bundles, that on the side of the lesion 
being diminished (figs. 19, 20, 21, 22, 23). This difference in size must 
be explained by the interdependence of the globus pallidus and the 
homolateral nuclei (nucleus interstitialis and nucleus commissure» 
posterioris), as has been shown experimentally in the rabbit. This» 
being so, partial destruction of the globus pallidus is inevitably asso- 
ciated with atrophy of these huclei and insufficient development of the 
homolateral fibres descending in the posterior longitudinal bundle [9]. 


5 
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The work of Edinger, Ramon y Cajal and my own unpublished observa 
tions on the constitution of the ventral part of the posterior commis- 
sure, would show that those nuclei receive afferent impulses from the 
heterolateral braneh of the commissure, this being the continuation of 





Fig. 21. 














Fig. 22. Fig. 93. 
Note the fewer fibres in the mesial part of the left 


A portion of fig. 22 photographed under a 
posterior longitudinal bundle. 


higher maguification. 


the lateral horn of the posterior longitudinal bundle. It is therefore 
not surprising to find in this case that the right arm of the commissure 
contained fewer fibres than the left (fig. 22). 

This case is comparable with the experimental rabbit; in the rabbit 


mee) Nucl, ruber 


Nucl. commiss. | бом, - 
post. (atrophio) | ` Nucl, commiss. 


Fig. 26. 

FiGs. 19-26.— Section of a human brain in which a destructive lesion of the left corpus 
striatum had occurred several years before death. The left nucleus commissure posterioris 
and nucleus interstitialis are atrophic. Poverty of fibres in the lateral horn of the right 
posterior longitudinal bundle, and in the corresponding part of the posterior commissure 
In fig. 19 note the smallness of the left posterior longitudinal bundle owing to absence of 
theîtr, interstitio-spinalis. Б 
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the lateral wing of the ета longitudinal ‘bundle on the side of the 
lesion involving the commissural nuclei was more voluminous than on 
the other, side (fig. 6). In the human brain destruction of the left 
globus pallidus is also associated with a greater development of the 
‘lateral wing of the left posterior longitudinal bundle (fig. 21). 

From these facts we must recognize a cerebropetal structural 
and functional continuity : ‘betweén’ the left corpus striatum, the right 
‘arm of the posterior commissure and the lateral wing of the right 
' posterior longitudinal bundle. Further, it is also found that the left 
corpus striatum -is cerebrofugally connected with the commissural 
nuclei, and by means of these withthe descending fibres in the inner- 
most part of the mesial segment of, the left posterior longitudinal 
‚bundle. +, І 

, Finally I would direct attention to Ње red nucleus. 

When the series óf sections are examined from’ below upwards it is 
' found that these nuclei first appear in the same cross-section (fig. 24). 
It is probable, therefore, that the caudal parts at least of these nuclei are 
not dependent: on the corpus striatum of the same or the other side. 

In fig. 25 the frontal part of the right red nucleus is seen, but of 
the. left there is no ‘trace. .It would, however, be premature to con- 
clude that the frontal part ‚of the red nucleus has a special relation to 
the homolateral corpus striatum, since the exact homology of those 
regions is unknown. The difference in the oral parts of the red nuclei 
might be due to the fact that in man the nucleus interstitialis is repre- 
sented by the frontal part of the red nucleus. 

From further expetimental work I maintain the conclusions put 
forward in my former paper [9], that the nucleus commissuræ pos- 
terioris and the nucleus interstitialis represent superimposed vestibular 
nuclei. These'nuolei receive their stimuli from the ascending elements 
of the crossed posterior longitudinal bundle, via the posterior commis- 
sure. The descending fibres ‘from them, the tractus commissuro- 
medullaris and the tractus interstitio-spihalis, are situated in the mesial 
division of the posterior longitudinal bundle. The descending fibres ox 
tracts are concerned with locomotion in two planes (circus movement 
with conjugate deviation of head ‘and eyes, and rolling movement w, ith 
Hertwig-Majendie squint): | | 

It must be admitted that for some reason a lesion of the ascending 
elements of this vestibulo-motor nerve chain prevails in its effects over 
lesions of the descending elements. This is shown by the fact that in 
a series of -hemisections from the pons upwards the direction of the 


/ 
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forced movements changes as soon as .the posterior commissure is 
reached. Further, the supra-nuclear centres are connected with the 
corpus striatum, or at least with the oral part of the globus pallidus. 
The direction of the forced movement does not change wherever the 
supra-nuclear section is made. If an animal with a’ lesion in this 
part survives sufficiently long some loss of fibres may be found in the 
mesial part of the posterior longitudinal bundle, and also in the wing 
of the posterior longitudinal bundle of the crossed side. This de- 
scending degeneration has been observed in the case of a patient of my 
own with recent destruction of the globus pallidus, and also in similar 
cases recorded by Dejerine and Roussy |16]. 


" ~ 


SECTION II. 


My earlier work on this subject [9] indicated that the commissural 
nuclei (N. commissure posterioris and N. interstitialis) as well as the 
secondary, and perhaps tertiary, vestibular tracts which compose their 
afferent systems, are concerned exclusivély with locomotion and con- 
jugate deviation of the. head and eyes in the horizontal and frontal 
planes. It is proposed to give here a, short note on the fibres and 
nuclei which subserve forced movements ‘in the sagittal plane, that is 
locomotion and conjugate deviation of the head and' eyes upwards and 
downwards. 

The nuclei and fibres which determine forced movements in the 
horizontal (circus movements) and: frontal (rotation round the. body 


` axis) planes are situated symmetrically on either-side of the ‘middle line, 


one system co-ordinating the deviation or rotation to the right, the 
other to the left. Physiological -and clinical data tend to show that 
entirely different nuclei and tracts détermine vertical deviations. This 
is not surprising since the one set of movements—standing up, looking 
upwards, falling backwards, going backwards—is not the reflected image 
of the other a down, looking down, falling forward, going 


forward. 


` The upward and downward forced movements are never of the 


violent character seen in rabbits when the vestibular nerve has been 
injured. Further, they seem very easily compensated. During the 
first few days after operation on the cat (241) there was a tendency to 
recoil, to fall backward and to go backward, and a very slight pressure. 
under the chin caused the animal to sit up. This form of forced move- 
ment in the sagittal plane invariably follows a lesion of the nucleus , 
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tecti cerebelli in the cat and the pigeon, It is interesting to find that 
there is some clinical evidence on this, point, similar forced movements 
occurring in cases of tumour of the cerebellum involving the nuclei 
tecti. 

Wallenberg [оо]. Working with pigeons found that after lesions of 
the superior cerebellar peduncle there was a tendency to retrogression, 
and thought that injury to some nucleus in this region was associ- 
ated with the development of these movements. Marburg, Bing, 
and Ingvar also found that lesions of the spino-cerebellar tracts in 
animals were associated with disturbances of locomotion in the antero- 
posterior direction. 

In 1907 I described the términations of fibres of the vestibular 

,nerve in the nucleus tecti. It seems highly probable that the nucleus 
tecti plays the same part in forced movement in the antero-posterior 


- direction as Deiters’ nucleus and the descending vestibular nucleus do 


in circus and rolling movements. The fact that the ventral and dorsal 
spino-çerebellar tracts terminate in the nuclei tecti seems to corroborate 
this view [10]. 

In a series of sections N thë brain of the cat (241), already 
referred to, a tract of degenerated fibres is seen on both sidés of the 
' section lying on the inner side of the anterior cerebellar peduncle (fig. 
18). The position of this tract is almost identical with the hook- 
like structure found by Russell [16] in dogs after a median incision 
between the nuclei tecti. This structure was also described by Thomas 
[18]. The difference between my case and the cases of Russell and 
Thomas is that in their cases the degeneration was cerebello-fugal 
while in mine it is cerebello-petal. This in no way serves as an 
argument against my view but is rather evidence in favour of it, since 
- from the time of Held [5], who first drew attention to the fact, it has 
been’ more and more appreciated how frequently the ascending and 
` descending secondary and tertiary vestibular pathways lie in the same 
areas. | 

At present we can only surmise which supra-mesencephalic nucleus 
' receives these fibres, but probably it is situated ventrally to the 
| posterior longitudinal bundle in or near the raphé. This: suggestion is 
made from a study of the rabbit already described where the structures 
of the median line were intact, amd where no trace of forced movements 
in the vertical plane ‘occurred. 

Physiological and clinical observations therefore tend to show that 
a lesion near’ the. median line in the thalamic region will cause 


\ 
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staggering, and walking or falling backward, as do lesions of the 
prosencephalon-if not situated {бо ventrally. , à 


It seems justifiable to as&ume ‘ascending connections similar to the, | 


‘tertiary striatal connections of the commissural nuclei, ‘but passing’ to 
the palæostriatal nuclei septi. 


"Although experience has shown the utility of the physiological- 


anatomical method it must be understood that. great. care is necessary 
‘in its application.’ This is particularly во in attempting to demonstrate 
the tertiary vestibular connections. where conclusions have to ‘be drawn 
from transient and puzzling forced movements in the ‘antero-posterior 
or sagittal plane. The forced movements in this plane are never 
violent even .after lesions of the primary connections. It is also 


important to remember that the forced movements ‘in the other : planes , 


(cireus movement and. rolling) decrease in strength the farther the: 


lesion is from the primary vestibular fibres. 
I.may say in conclusion: that I have carried out certain experiments 


\ 


and collected some clinical dein: on the position of thervestibular nuclei, _ 


the ‘superimposed: nuclei and their connections which ‘may excite 


forced movements in the sagittal plane in the opposite: direction to ' 


those already described,‘i.e., falling forward and locomotion forward. 
There is some evidence that, the nucleus ventralis raphé is associated 


with this. type of movement.‘ In one ezperiment where the lesion | 


involved the basal longitudinal bundle (Wallenberg) near its origin in 
the frontal brain the animal never Bat up again in & natural manner, 
but held its head down. . It may be surmised that the secondary tracts 
_ run up near the raphé andare situated somewhat ventrally. Further 
. it seems probable that the’ tertiary ascending and descending fibres 


> 


dealing theréwith are to be found їп the area of the basal longitudinal . 


bundle of Wallenberg: 


К Ky 
\ ` Вбммавт AND CONCLUSIONS. : 


( 
(1) Persistihg circus'mövements and. lateral conjugate deviation of 


. the head and'eyes to the affected’ side, and а tendency to fall to the | 
' normal side after cerebral-lesions, is due to injury of the oral part of ' 
the globus pallidus, or of its connections with ,the commissural nuclei: 


(nucleus commissuræ posterioris and nucleus interstitialis). Hence the 


conclusión seems warranted that the tertiary vestibular. tracts, lesions | 
of us produce the same symptoms, terminate in this palwostriate 


centre. ' Р 
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Thé — vestibular tracts which enit in the posterior longi- 

. tudinal bundles cross the middle line by way of thé posterior commis- 

. sure before entering. the nucleus commissure posterioris and nucleus 
interstitialis. Im the diagram in. my earlier, paper [9] these ascending 
vestibular tracts were wrongly indicated as terminating in the com- 
missural nuclei ‘before crossing the middle line. 

(2) Tt has not beén possible to determine by tha anatomical- 
physiological method ‘the chains of neurons concerned in forced move- 
ments in the sagittal plane, i i.e., recoil, retrogression, conjugate devia- 
tion of the head'and eyes upwards; falling, forwards and deyiation of 
the eyes downwards. Experiments on cats, in ‘which lesions of the 
nucleus tecti and ‚of the superior cerebellar peduncle produce a ten- 
dency to recoil, recall the experiments | on pigeons by Wallenberg, who 
assumed the-existence of some such centre in or near to the superior 

‘ cerebellar peduncle. Clinical and physiological observations lead us to 
suppose that ‘structures exist in the mesencephalon, near the raphé 
and ventral’ to the posterior longitudinal bundle, lesions of which 
cause falling backwards and deviation of the eyes upwards. There is 

^ also experimental evidence that lesions of the palæo-striate nucleus 
septi (Kappers, de Vries) cause recoil and retrogression: 

Near the middle line but more ventrally situated there aïe strüc- 
‚tures (? the basal longitudinal bundle of Bischoff and Edinger), lesions 
of which produce a tendency, to fall forwards and deviation of the eyes 
downwards. 

I have to acknowledge my indebtedness to Dr. Ariéns Kappers and 
_ Dr. Brouwer for their permission to make use of the material of the 
Central Brain Institute in Amsterdam, and to Mrs. Shaw Dunn for 
her kind help in correcting the English of this paper. 
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(1) A Case of Tremor of Rare Nature. 
By Dr: ANTHONY FEILING. 


Gladys O., aged ‚105, was brought to the hospital on account of 
involuntary movements of the left sidé of the body. She was a full-time 
child, а breech presentation and at birth had white asphyxia. Sat at 
18 months, walked at 8 years.- Has never had fits or other illnesses, except 
. measles. ' ‘ 

At the age of 9 months involuntary movements were noticed on the left 
side of the body, and weakness in holding up the head. During the last six 
months these movements have become worse and have extended to the other 
side of the body. At times her voice is very feeble. No history of any 
. nervous disease in the family. The child ig well grown and appears quite 

intelligent. ! 
There is а slight weakness of the lower part of the right side of the face, 
while the tongue is deviated slightly to the left. The left arm is the seat of a 
-thythmical tremoy, more ‘marked in the proximal parts of the limb. The 
movements produce rotation of the arm at the shoulder, pronation and supina- 
‘tion of the forearm, and flexion and extension of the fingers.’ The rate is 
about two to the second. Both arms are hypotonic. . 
Similar movements affect the trunk and the legs, though to a less extent. 
In the legs also the proximal muscles are involved to a greater extent than the | 
distal. There is no actual paralysis, though the power of the left arm and leg 
is less than in the right limbs. The deep reflexes are present and the plantar 
responses are flexor. т i 
(2) Parkinsonian Syndrome associated with Right Hemiplegia, showing Pecuhar 
Distur bances of Tone and Posture in the Lambs on the Hemiplegic PI 


By Dr. DOUGLAS MOALPINE.' 

Patient, a female, aged 20, was quite well until April 18, 1919, when she 
developed a typical attack of encephalitis lethargica, complicated from the out- 
set by a right hemiplegia. Her present condition developed gradually within a 
few months from onset. | 
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' The following is a brief summary of her present condition :— 
Parkinsonian facies, smile and apeech, with slight right homiplegia and 
definite extensor response on right. side; dn left side. doubtful extensor 


, response. Power quite good all four limbs; no sénsory disturbances. 


' At the proximal jbints in all four limbs there is a slight resistance to 
both flexion and extension by passive movements, most marked in the lower 
‘limbs. If the fingers or wrist of the right hand be passively moved into any 
position, such position is maintained involuntarily. Right ankle when inverted, ' 
ог everted remains in that position ; this is not seen however in dorsal or, 
plantar flexion at proximal joints, norin the limbs on the left side. 

Voluntary ‘movements. — Extension at elbow is possible only when fingers : 
are extended: with the fingers, flexed there is always accompanying pronation; ` 
extension. of' fingers is. possible only when patient voluntarily abducts the 
arm, flexes the elbow, ‚pronates ‘the fovearm:and flexes wrist, or when she 
extends the hyperpronated elbow. The ‘postures of .hand and wrist on’ 
‘voluntary movement of the limb tend to take one of four patterns:— 5. 

(1) Flexion of fingers and wrist. (2) Extension of fingers and’ thumb, 
wrist’ being flexed or slightly extended. (8) Extension of wrist and first 
phalanges, with flexion at interphalangeal joint and apposition of thumb. 
' (4) Same position of fingers as in (2), but with flexion of the wrist and pronation 
of the forearm. The ‘position of the elbow i is variable. 

" АП] voluntary movements оѓ the hand are carried out slowly: and with diffi- . 
ошбу. ‘The phenomenon of tonic innervation’ is well seen in the right hand 
, and wrist. If patient when grasping the observer's hand is then told Бо relax 
. her grip she is unable to do so for & period varying between fifteen seconds 


A and two minutes ;. «¿he has to manœuvre her arm into the position. ‘described a8 


necessary when extending the hand.: This condition is not seen at the proximal 

joints, but occurs to & slight extent at the right ankle. There are no athetotic 

. movements, nor motor apraxia. A flexion and sometimes an extension ‘reflex 

Aas described by Riddoch and Buzzard) i is obtainable in both upper limbs ‘when 
a nocuous stimulus is applied to either extensor or flexor aspect of arm: ` 

. On assuming the upright posture the right arm at once becomes extended 

at elbow, hyperpronated, flexed at wrist and deviated to the ulnar side, with 

fingers flexed into palm. As soon as right foot touches the ground it becomes 


. powerfully inverted, with plantar flexion of foot and toes, but the hallux is . 


dorsiflexed so that the pad of the toes alone touches the ground; at the same. 
time there is extension of the knee. After half a. minute or so the tonic 
spasm of the foot gradually ‚relaxes and the right foot assumes its correct 
posture on the ground. On attempting to walk the right leg is overflexed at 
the hip and the whole leg goes into extensor spasm again, the attitude of the 
leg .af this stage resembling that depicted in the goose-step of the German 
soldier.” Gradually the right leg is lowered and toes approach the ground; 
then, as spasm relaxes, the heel ‘is gradually lowered until it touches the 
ground, the weight meanwhile being transferred to right leg. “As the right leg 
is carried forward the right arm, maintaining the posture described above with 
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palm turned outward, is powerfully retracted and abducted at shoulder, and as 
the patient transfers her weight on to the right leg the right arm comes forward 
again into line with the body. 

Remarks.—In this case thers is, évidence of a moderately well developed 
condition of Parkinsonian rigidity associated with a slight right hemiplegia, 
and in all probability with some disturbance of the left pyramidal tract, as 
evidenced by the nature of this plantar response and the presence of a well- 
marked flexion reflex in the left upper limb; ‘despite'this bilateral pyramidal 

involvement there is an entire absence-of pseudo-bulbar symptoms. There is 
' no evidence that the phenomenon of tonic innervation depends on a lesion on a 
higher plane than the internal capsule, which, however was the case in seyen 
out of the nine. cases collected by Wilson and Walshe. The condition seems 
to indicate lack of reciprocal inhibition of antagonists, so that one muscle 
group remains contracted despite volitional attempts to innervate the opposing 
group of muscles. In this case apparently the same phenomenon is present 
poth on "voluntary &nd on passive movement, and ih the maintenance of a posture 
of right hand brought about by.the observer; therefore‘ no separation is possible 
between .the phenomena occurring on voluntary and involuntary movement. 
It seems certain that in this case the condition of tonic innervation can be 
explained by a céntral lesion resulting in a disturbance of reflex tonus. The 
posture which deyelops in the limbs on the right side on standing or attempt- 
ing to walk: is clearly determined by the assumption of the upright position, 
and resembles closely the antigravity posture as described by Sherrington in 
the decerebrate animal. 

I am indebted to Dr: Campbell Thomson for permission 45 show this case. 

Dr. RIDDOCH, referring to the flexion reflexes of the upper limbs, said they 
were similar to those observed by Buszard and himself in hemiplegia due to 
cerebral and spinal lesions. In this case there can be no doubt of the exist- 
ence of a right-sided hemiplegia, and there is evidence that the left pyramidal 
tract has suffered too, in the indefinite type of the plantar reflex on this side. 
The tonic state of the muscles on the right side of the body, the “ lead-pipe 
rigidity ” of ‘the limbs, and the persistent maintenance of postures, differs from 
that seen in both paralysis agitans and post-encephalitic lesions. The rigidity 
suggests that it might be the result of a combined hemiplegic hypertonicity 
and Parkinsonian rigidity. The postures of both the upper and lower limbs 
are not those usually observed in simple lesions of the pyramidal system. He 
emphasized the remarkable feature that the patient can open her hand only 
- on supinating the arm, and that the whole, limb extends when she closes her 
fingers. Similarly in advancing the leg the whole limb +, and the ankle 
dorsiflexes only a considerable time later. - 
| The PRESIDENT asked whether the present symptoms were the immediate 
sequel to the attack of encephalitis, or whether they had been progressive. 

y Dr. MOALPINE replying said that there was no interval between the acute 
symptoms of encephalitis and the symptoms’which the patient now presents ; 
these have been progressive. He was.unable to accept Dr. Riddoch's suggestion 
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that the niet is due to the association of a hemiplegic and Parkin- 


' goniam rigidity. { + 
А M 


7 (8)-A Form of Juvenile Amaurohe Idiocy. 
‘By Dr. GEORGE RIDDOCH. ` 


` 


cousins. A brother aged 18, and a sister aged 8, are both” alive and well. 


The patient, aged 10, ‘was thechild of Jewish, parents, who were also first 


Birth was normal and the child was: breast-fed until 18 months:of age. He ' 


. walked at 9 months and, used ‘simple words at 1 year. Development was 
normal until 4 years of age when the legs became weak. At 6 the upper limbs 
were ‚also affected and obvious symptoms of mental deterioration set in, the 
child becoming dull and apathetic, with occasional outbursts, of screaming and 
destructiveness. At the age of 8 years vision was noticed to be affected, and 
A year later there was complete paralysis of all limbs, curious myoclonic mové- 


» ments, over-reaction to loud noises, blindness and complete idiocy. The child. 


also became subject.to epileptiform fits: Any loud noise was ‘liable to evoke 
irregular purposeless movements. The child has wasted considerably. 

Present condstton.—_Complete dementia, blindness and spastic paralysis of 
upper limbs in flexion and lower limbs in extension. Lies on his back with 
head to one side and saliva dribbling from his open month. * Quick involuntary 
movements, especially of upper limbs, occur frequently. These myoclonic 

` movements can be evoked by the slightest tap on any part of the body, and 
sometimes by a loud: «noise. They are often bilateral and symmetrical and are 


then accompanied by movements . of the head -and face, contraction of: the- 


muscles ‘of the trunk and a grunting noise. All tendon reflexes are ‚much 
increased and the plantar response 18 extensor on both sides. 


1  Ophthalmoscopio examination reveals advanced optic atrophy and mush E 


pigmentary degeneration of the retina; . there is a large mass of pigmentary 
change near the left macula. No cherry-red spot at the macula. ' The 
Wassermann reaction’ of the blood Was reported as being doubtfally positive. 

He discussed the relation of this case to the Waren Tay-Sachs type of 
amaurotic family idiocy, which is limited to the Jewish race, and to the 
juvenile forms of this disease which have been described by Batten and ATUM 
and by others. >, 

The PRESIDENT said he had found it difficult to get a и T view of 
the fundi, but that such changes as be had seen resembled those of retinitis 
pigmentosa. _ = 


m Dr. GORDON Suns pointed out that this case differs.in many of its. 
present symptoms from the typical cases of infantile and of juvenile amaurotic , 


idiocy. The term idiocy should not, in fact, be applied to such cases, since the 


` mental state of the’ patient was apparently normal till 5 or 6 years of age. . 


The most striking difference from thé ' Spielmeyer and Batten-Mayou groups 


is that inthis patient there are, in addition to optic and retinal atrophy, large 
irregular: patches of pigment in the retinæ which resemble | those due to 
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syphilitic retino-choroiditis. He was consequently not surprised that on one 
occasion the Wassermann reaction’ was positive or doubtful ` Further, the 
pigmentary changes are grosser and more widely scattered over the fundus 
than in the Batten-Mayou group. In many of these cases the retinal 
degeneration belongs to, or resembles, the retinitis pigmentosa type, but the 
fundus changes he saw were not characteristic of this condition. There were 
unquestionably many forms of progressive dementia and paralysis associated 


‚with retinal degeneration, each rigidly typical for the several numbers of the 
_family it affects, but differing in many respects from family to family. 


Dr. PARKES WEBER suggested the possibility that the condition was one 
of juvenile general paralysis; the same type of spasmodic movements is not 
uncommon in this disease, and similar fundus changes are occasionally met 
with. ` ~ 

Dr. FEILING had also observed similar ocular changes in syphilitic 
conditions; he had recently seen them in a patient with tabes dorsalis. 

Dr. RIDDOCH in replying admitted that the symptoms differed in many 
respects from those seen in the Batten-Mayou and Spielmeyer groups, and he 
must admit that similar retinal changes are found in both retinitis pigmentosa 
and in syphilitic conditions, but he ‘could not see any justification for the 
suggestion that his case may be merely one of juvenile general манан 

eh A келин showing Endothelioma Cerebri ın an Unusual Situation. 
‘By Dr. J.-P. MARTIN. ` 


Patient was admitted to the National Hospital under the care of Dr. 
Taylor, April 18, 1922, and died May 20. For three years he suffered with 
pins and needles in the third, fourth and fifth fingers of the left hand; this 
feeling was not present constantly ‘and usually occurred in the morning. It 
spread slowly. up the left arm, and he became unable to grasp objects with 
the left hand. Towards the end of 1920 the right arm was affected in the 
same way, but in it the paresthesia spread from above downwards. 

In January, 1921, he waa admitted to St. Thomas’s Hospital; his legs had 
been shaky but were still strong and did not cause any disability in walking ; 
after lying in bed for four.days he became completely paralysed. He gradually 
improved and was discharged three months later. 

About July, 1921, he began to. suffer from attacks of breathlessness. He 
was re-admitted to hospital, and again became weaker while lying in bed. 
About October, 1991, he became unable to feed himself or to use His arms. 
He fever had dysuria or pain. On about a-dozen occasions in three months 
before his admission to the National Hospital he hed seen double. 

On admission very helpless, with cyanosis of face and'lips, and occasional 
attacks of breathlessness. A few nystagmoid jerks developed on extreme 


- deviation of the eyes to either side, and there was slight left facial weakness. 


There ‘was nowhere loss to painful, tactile or thermal stimuli, but the 
appreciation of vibration was absent in both arms and both legs. The sense 
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of position was lost in the ‚right hand and arm and in both feet, and impaired | 
in the left hand. There was complete astereognosis. 

Patient could not raise his head from the pillow, but .could turn it. Bou. 
side to side. When he was sitting in & chair his head fell forwards. ' Both 
upper limbs were quite powerless, they lay slightly flexed at the, elbows and. 
wrists, with the fingers half flexed. There ` was no spasticity and no wasting or 
fibrillation of the muscles. The lower limbs lay at rest in full extension. The 
_ amount of power varied from time to time: after he had been lying down he. 
' was usually unable to make any movement, but after sitting up for a time he 
could make movements of fair power at all joints. 

All the arm-jerks were brisk, the knee-jerks exaggerated, NES 
present with clonus, the abdominal reflexes absent, and the plantar responses ^ 
both extensor. There was defective control ‹ over both anal ‘and vesical 


y 


sphincters. . 7 . 
The Wassermann reaction was negative; and the electrical reactions of the , 
muscles were normal. X- -rays showed no apinal | lesion. E. iu Е 


. Patient died of hypostatic pneumonia. 

» Autopsy. —The tumour, which weighs 32:5 grin., is pear- shaped and firm in 
consistence, It fills and distends the cisterna magna, lying between the 
arachnoid and the pia mater. A small knob on its upper and posterior surface 
compresses the right lobe of the cerebellum. It lies against the foramen of 
Magendie, but has caused little hydrocephalus as the foramina of Luüschka 
are unusually wide. The posterior surface of the medulla, from the tip of the 
calamus scriptorius downwards, is hollowed out by its pressure. The pressure 
affects particularly the cuneate and gracile nuclei, the restiform bodies being 
only compressed at their posterior borders. At the lower end of the medulla. 
the tumour passes to the right of the mid-line so that the right dorso-lateral : 
surface of the first cervical segment is compressed. The cord at this level is 
softened. Microscopical sections show ве, 1 tumour to be a typical’ fibrous 

meningeal a à E Г ' 
| FR б, 
М. (б) ‚Gase of Sclerodermia. - go 
ex By Dr. MARTIN. . І 


' In March 1921; patient, had an illness said to be influenza. In May she | 
had difficulty in kneeling on account of pain in the thighs and back. In. 
November she began to experience stiffness after standing for a, short time. 
Menstrual periods have been irregular since J anuary 1921. , She has become 
thinner; a year and a half ago she weighed 8 st., now she weighs a little over 
6 st. r 

Present condition. — High complexion, skin and subcutaneous’ Менден of thé 
cheeks feel tough, skin of the nose red and shiny, lips puckered, mouth can be 
opened to a limited extent only. Soarcity of fat all over the body. The skin ` 
of the hands is hard, shiny and difficult to pinch up; the fingers are short, 

ponet and swollen, and cyanosed at the proximal phalangeal joints ; their move- 


f 
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ments are limited and in the little fingers there are flexor contractures. The 
feet are flat, the joints are swollen and the toes and forepart of each foot are 
cyanosed. The elbows cannot be fully extended, the knees are prominent and 
rounded, and full extension is not possible at them. 

No changes are present in the nervous, circulatory or respiratory systems. 


(6) A Case of Dermatomyositis. 
By, Dr. MARTIN. 


The symptoms had commenced gradually one and a half years before with 
pains in the limbs and swelling in the hands and feet. There had been no rise 
of temperature during the time the patient-had been under observation. The 
most ‘striking feature was the marked hardening of the skin and the subcu- 
taneous tissues, and the presence of firm nodules scattered irregularly over the 
limbs; one of these was excised. At this operation there was found to be a 
marked ‘thickening of the subcutaneous tissues. The nodule consisted merely 
of a fatty centre surrounded by a capsule of dense fibrous tissue, in which 

there were numerous inflammatory cells. In this case the limbs only were 
^! affected. 

Dr. PARKES _ WEBER, in discussing the second case, pointed out that 

. dermatomyositis is an acute inflammatory lesion of the muscles which has 
been frequently confused with‘ trichinosis in countries where this disease 
exists, On examining this case he found no evidence of an inflammatory 
lesion of the muscles, while it appeared to him that the nodules were merely 
circumscribed lipomata. The condition is therefore not & dermato-myositis, 
but an affection closely allied to sclerodermia. 

The first case seems to be one of typical generalized sclerodermia. It was 
interesting that so much improvement had been noticed, and he inquired as to 
the treatment which had been adoptéd. 

The PRESIDENT drew attention to the curious course run by some of these 
cases, and to the fact that the muscles are sometimes involved. He recalled 

- & case of acute sclerodermia, from the manifestations of which the patient had 
made a complete recovery, but then developed typical symptoms of progressive 
muscular atrophy. 

"Dr. MARTIN in replying stated that the second case had been treated by 
thyroid extract, sinusoidal current baths and massage during the past three 
months, and that it was under this treatment that some degree of recovery 
had taken place. . | 
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CLINICAL MEETING AT THE: NATIONAL HOSPITAL FOR THE 
PARALYSED AND EPILEPTIO, QUEEN SQUARE, W.C., ON 
THURSDAY, JANUARY 11. 


Dr. WILFRED Harris, President, in the Ohair. 


(1) Case of Dystrophia Myotonica. 
By Dr. W. J. ADIE. 


W. À., aged 44. Married. Enjoyed good health until March, 1917, when 
whilst undergoing military training he passed through e severe feverish illness 
diagnosed as influenza; during convalescence he suffered from severe pains in 
the lower limbs; the pains subsided in a few months but left behind them a 
weakness of the lower limbs which steadily increased. and soon appeared in 
the arms as well. ‘About a year after the onset of wenkness'in the legs, and 
some time after the arms became weak, he noticed: that he had difficulty in . 
relaxing his grasp; this trouble persists. His facial appearance has altered 
considerably ; all his muscles have wasted; his speech is not so clear as it 
used to be; his hair ib falling out rapidly; he has lost over 2 st. in weight ; 
he has not had sexual connection for some years and desire is absent. Apart 
from weakness in the limbs he feels well. He has never heard of a similar 
complaint or of cataract in any other member of hie family. He has four 
healthy children. ' . ` 

Present condition: Facies myopathica; atrophy of sternomastoids, deep 
neck musoles, forearms and legs. Active myotonia in hand grasps. Reactive 
' myotonia in tongue, small muscles of hands, deltoids and thighs. All tendon 
reflexes absent. Frontal baldness, acro-cyanosis, small soft testicles, narrow, 
high-arched palate. 


(2) Case of Myotonta Congenita. 
By Dr. Lewis R. YEALLAND. 


P. S., aged 18, male; one of,twins. A paternal uncle suffers from cataract ; 
nothing else from an hereditary point of view is discoverable. The patient was 
breast-fed and there was no difficulty in feeding. him. He began to walk at 
the age of 2 years (a year later than his twin brother), was clumsy and made 
slow progress. At the age of 24 his mother first noticed that when the 
patient's face was slapped for punishment, "his nose!drew over to one side 
and remained there for a few seconds.” At the age of 3, the patient was 
taken to India with his parents, and during his five years there nothing 
abnormal was observed ; he walked normally and played games with other 
children. At the age of 8, he returned to England and began school. During 
his first week there (a) he saw double when looking at the blackboard from 
an angle; (b) his hand became “stiff” when writing and he was unable to 
release his pencil from it; (c) at the first school drill he was compelled to fall 
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o out after twenty minutes’ participation, on account of a gradually inoreasing 


stiffhess which began in the neck and spread rapidly to the arms, trunk and 
legs. The stiffness was superseded by. limpness,, and in less than thirty 
seconds from thé commencement of the symptoms he fell and was unable to 
move. He was taken home and remained in bed three days limp and help- 


‘ less, but was able to swallow his food when fed. _ Similar attacks have occurred 


‘since during exertion, and, an attack will come on after thirty minutes to 


one hour's walk in the cold. Ih warm. weather he is almost free from the 
attacks. . After prolonged rest the patient is much better, and he is in his best 


state the first thing in the morning after a ES rest. The condition is 


gradually becoming worse. 

The patient is well developed. There are no deformities. Skin, mucous 
membrane, skull and spine, heart and lungs are all normal. The optic discs 
‘are clear and there are no evidences of organic changes in the central nervous 


'gystern.. MEA ' 


Repetition of any voluntary movement to order (e.g, eye movements, 
whistling, biting, yawning, flexion and’ extension of the elbow, wrist, knee or 
ankle) produces & gradually increasing tonic contraction of the part and will, ' 
if persevered in, result in complete cessation of movement. The same ‘state of 
stiffness can be induced by the patient at will by throwing groups of muscles 
forcibly into contraction. Relaxation of muscles ocours : gradually and is 
independent of the patient’s will. Relaxation of the hand grasp is slow 
and awkward, the index finger extends first, followed by the others in succes- 
sion; and the movement seems to be dependent on the patient’s effort. A slow 
tonié contraction of muscles follows a sharp tap of the percussion hammer. 
The myotonic electrical reactions are ‘positive. 


DISCUSSION. 


. JAMES ÜOLLIER considered that iher was no doubt about the 
e of myotonia congenité in this case. It showed in a typical manner 
the effect of cold in increasing the tendency to myotonia, and resembled most 
reported cases in that the spasms were not decreased by exercise of the affected 
muscles. . 

The PRESIDENT asked Dr. Yealland if he had seen attacks in which the 
patient was helpless. Was it possible that these attacks were in any way 
similar to attacks of family periodic paralysis ? 

Dr. YEALLAND replied that he had not himself observed such attacks, but. 
the evidence he had been able to collect tended against this suggestion. 


' (8, 4,5) Three Cases showing Ванн of the Eyelids. 
By Dr. JAMES COLLIER. 
| (8) Oase of Tumour affecting the Mid-Brain. 


The patient presents the following signs: Pronounced psychic impairment. 
Papillædema. The pupils react very poorly to light, often the right pupil does 


not react to light at all. Retraction of both upper eyelids. Defective upward 


E 


488 PROCEEDINGS OF THE SECTION OF NEUROLOGY 


movement of the eyes. Right facial weakness, especially on emotional move- 
ment. Absolute incontinence of urine. Slight weakness of the right side of 
the body. with extensor plantar reflex on that side. .. = 


(4Y Case of Mid-Brain Lesion. 


А. K.’ History: In October, 1921, the patient noticed shaking of the right 
hand; it, passed off after about а fortnight. In February, 1922, the tremor 
returned: both the right arm and the right leg began to shake and she had 
double vision‘; her speech became slow and jerky. 

Examination: Discs clear. Nystagmus: Vertical in right eye, oblique in 
left. Defective upper movement of both eyes; left eye turned slightly down- 
wards and inwards. Ptosis of right upper lid; retraction of left upper lid 
with positive von Graefe's sign. Speech very ataxic. During speech there is 
a rhythmical upward and downward movement of the eyebrows and tremor . 
of the head. There ів a coarse tremorof the right hand. ‘No loss of power 
in the limbs. No changes, in the reflexes, except that the plantar reflex o on 


rs 


the left side is doubtful. 


. shows по abnormality. 


‚ (5) Oase of Disseminated Solerosis with Retraction of the Eyelids, 


G. L., aged 41. Right leg began to drag seven years ago; since then 
symptoms have been steadily progressive, and consist of stiffness in both legs, 
spasms of lower limbs af night, precipitancy of micturition and incontinence. 

Examination : Pupils ‘equal; react normally. Nystagmus. Retracted 
lids, von Graefe's sign present. Slight intention tremor in hands; no ataxy or” 
loss of ‘power of upper limbs. Lower limbs very spastic, frequent flexion 
spasms. 

Reflexes: Arm jerks all present; knee and ankle jerks exaggerated. Abdo- 
minal reflexés absent, plantar reflexes both’ extensor. Cerebrospinal fluid 


(6). Case of “ Spondylose rhizomélique." 
By Dr. JAMES COLLIER. 


"The vertebral column is rigidly ankylosed throughout its length; the hip. 
joints and knee-joints are algo immobile ; the right shoulder-joint shows great 
limitation of movement. The disease began ten years ago; patient has been 
in a spinal carriage for five years. 

X-rays showed ossification of the short intervertebral ligaments. 

«DISCUSSION. - 7 
Dr. J. G. GREENFIELD asked whether there was in this case any sign of 
gonorrhoea, or of any focus of chronic sepsis. Some cases of this affection 
had been attributed by French writers to gonorrhoea. Не remembered a саве 
under Dr. Batten’s care in the National Hospital in 1911, in which ‘gonorrhoea 








“1 Case shown at Meeting of Neurological : Section -of the Royal Society of Medicine, 
May 4, 1911. 
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was suspected but could not bé proyed. In the majority of cases the disease 
commenced about the age of 20, and this fact, as well as the nature of the 
pathological changes and the distribution of the ankylosis (which always left 
the hands unaffected) distinguished spondylose thizomélique from the chronic 
rheumatio diseases of the spine. 

.Dr. COLLIER replied that of six cases of this condition which he had 
observed none had.suffered from gonorrhasa, nor was there any history or 
evidence of it in the present case. In one of his cases the disease came on 
after puerperal sepsis, but in the others there was no focus of infection. In 
the majority of his cases the spine had been ventrally curved, but in one it 
was curved backwards as in the present case. In one case the affection 
started in the neck, and in six months sprend down the spine to the sacrum 
rendering the patient as helpless as if he had developed total paraplegia. He 
considered that the ankylosis of the spine was never bony as there was always 
pain on any attempts at passive movement. 


(7) ‘Case of Disseminated Sclerosis with Muscular Wasting. | 
By Dr. JAMES TAYLOR, O.B.E. 


H. 1.0, aged 47. Previous health good. Fracture of left leg below knee 
when aged 13. Present trouble started eight years ago.by the left knee giving 
way and the left leg becoming weak. One year ago he discovered that on 
reading he " was using the left eye only.” About the same date the left grasp 
became weak and a, sensation of pins ғ and needles was felt in the left forearm 
and hand. There was also “dysuria. 

On admission, November 6, 1922.: Vision of right eye Ls, of left 35. Left 
dise distinctly’ pale, chiefly in temporal half. Nystagmus on lateral deviation 
to both sides. Marked spasticity of left upper and lower extremities. Wasting 
of left trapezius and muscles of left shoulder-girdle. Weakness of right 
rhomboids. The left arm and leg are less bulky and thinner than the right. 
Subjective sensation of pins and needles in left forearm and hand, and numb 
feeling in the feet. Slight diminution to cotton wool and pin-prick over left 
leg. Extensors wasted. Plantars, right extensor, left flexor. Left ankle 
clonus. Knee and ankle jerks increased. Abdominals absent left, doubtful 
right. Wassermann reaction negative in blood and cerebrospinal fluid. X-ray 
examination shows lipping and osteophytic outgrowths of cervical and lumbar 
vertebre. . 

The evidence of, disseminated sclerosis in this case rested chiefly on the 
nystagmus, the difficulty in articulation and the signs of ‘lateral sclerosis. 
The winging of the scapule was probably due to some other cause, and it was 
possible that the-osteophytic growths in the spine might account for this and 
some of the other Rn 

: Discussion. 


Dr. COLLIER iid: that he would never ‘admit wasting of muscles as a 

symptom of disseminated sclerosis. 
The PRESIDENT said that he hed seen quite definite atrophy of the 
interosseous muscles of the hands in disseminated Sclerosis. 
1 
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(8) Case for Diagnosis: Spinal Compression or Disseminated Sclerosis. 
\ By Dr: F. М. R. WALSHE. | 


E. W., aged 37.‘ Past health good. Patient has six chilären, all i in good’ 
health. Duration of symptoms eighteen months. Onset with pain in sole of 
‘left foot, followed by ‘stiffness at back of left knee. In three months time 
lost the use of left leg. Sensation of pins and needles in left leg when it was 
accidentally bumped. The right leg became weak.and powerless two months 
later. Dysuria for the last six months. | 

On examination, December 97, 1922: No’ abnormality of the cranial nerves 
or upper extremities.. Legs usually: in rigid extension, feet plantar flexed, 
halluces in extension. Marked adductor spasm. ' Flexor spasms of the legs 
have been becoming \more frequent, No sensory: ‘changes. Knee and ankle 
jerks increased. Plantars give extensor responses. ' Abdominal, reflexes : 
Upper feeble, lower absent. Reflex responses to cutaneous stimulation of 
both legs very active. Cerebrospinal fluid clear, colourless, no cells; total 
proteid 0'1 per cent. Wassermann reaction negative in blood and cerebrospinal 

fluid. ^ 

! DISCUSSION. 
Mr. О.Р. BYMONDS said ‘that he had never seen a case of disseminated 
sclerosis in which the "Protein i in the cerebrospinal fluid Tose as high as ER 1 per . 
cent. 


Й 


. (9) Case of Syringomyelia. | 
By Dr. 8. A. KINNIER "WILSON. " 


L. H., aged 16. Previous health: Diphtheria, “ rheumatism” at the age 
of 4, and frequently since in legs, arms, and shoulders." Operation for adenoids 
. when 10 years old. Twelve months’ history of painless sores on the right band 
and fingers. : / i 
' November 12, 1922 : Experienbed' a “tale of coldness i in right half of body. 
At the same: time she noticed that she could not appreciate the temperature of 
' water with the right arm or hand: At*the same period she пошива the loft 
pupil was getting smaller and the left eyelid drooping. 

On admission, December, 1922: Left pupil smaller than right, left eyelid 
drooping. Slight impairment of tactile sensibility, märked thermal and pain 
Joss in left trigeminal area. Tongue on protrusion deviates slightly to the left. 
Very alight spasticity of right arm and leg. Right leg weaker than left.‘ 
Sensory loss to pinprick and temperature over right half of body up to a trans- 
| verse line in mid- cervical region. Faint diminution to tactile stimuli over the 

game area. Knee and: 'anklejerks greater on right than on left side. ' Planters: 
right doubtful, left flexor. Бране unaffected. - 


Lt 
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y ; (10) Case for Diag, “possibly Ala Congenita. 
| By Dr. B. А. KINNIER WILSON. 


B. W., aged 11. "Child born normally. Began- to walk at normal аре. Р 
Не is the second youngest of eight children. ’ At the age of 4 he was noticed 


| 
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by his mother to be double-jointede He began at this time to "fall about." 
The weakness of the legs has been, progressive in the last three years. At 
present he is unable to stand unsupported.- j ' 

Mentally the child is bright and intelligent., When sitting up the back is 
unduly rounded. The arms are thin and their strength poor. The muscular 
power of the legs is very poor. Impaired muscle tone in all limbs, the 
deficiency being greater in the legs than in the arms, over-extension at the 
knees on passive movements being very prominent. No contractures present. 
Arm-jerks very feeble.  Abdominals active. Knee-jerks: Right greater than 
left, which is feeble. 'Ankle-jerks: Right feeble, left not obtained. Plantars: 
Right indefinite, left flexor. Sphincters unaffected. ` 

| DM K A + 

^ (11, 12) Congenital Neurosyphalis in Brother and Sister. 

By Dr. 8. A. KINNIER WILSON. , 

(11) D. J., aged 10. Epileptiform fits since age of 5. Automatism, spite- 
fulness. Mentally clear, Hutchinson’s teeth. Pupils unequal, poor light 
reaction. Wassermann in ‘blood, negative., 

(19) G. J., aged 7. At the age of 5, paraplegia; unable to walk since 
arrest of mental ‘development. Pupils Argyll-Robertson. Knee-jerks in- 
creased, plantars^ extensor, gait spastic and stamping. Ooular fundi, dis- 
seminated.choroiditis. Wassermann in blood positive. 


DISCUSSION. 


Dr. JAMES TAYLOR said that in his experience two members of & family 
ith congenital syphilis usually suffered in different ways. One of his patients, 
a boy who was aflicted with optic atrophy, was brought to hospital by a 


‘younger sister who had Hutchinsonian teeth, interstitial keratitis, and other 


signs of congenital syphilis, which were absent in the brother. The older 
patient eventually developed G.P.I. and died, whereas his sister remained free 
from symptoms of nervous disease. . 

', The PRESIDENT said that’ Dr. Taylor's cases argued strongly against the 
assumption that there was a neurotoxic strain of the Smrochæte pallida. 

\ 
(13) Case of Syringomyeha, with much Sensory and Motor Impairment and 
little Wasting. 


, By Dr. C. M. Hinds HOWELL. 


M. G., aged 98: Patient “fell down” in a seizure or faint while at work 
in February, 1919. Afterwards she had an illness thought to be influenza. 
After the illness she was troubled. with “hot sweats” affecting the left 


“shoulder and left side of neck and head. : Later she noticed weakness of the 


left hand while at work. In February, 1923, the right leg began to feel stiff 
and she had a sensation of cold waves passing up and down this limb. 
On examination it is found that the lett pupil i is greater and the left palpe- ' 
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bral fissure smaller than on the right side. „There is no nystagmus. There is 
partial loss of pain sense and of appreciation of cold over the left half of the 
forehead and over the lateral part of the left cheek, The left arm, is weak; 

particularly the hand grasp; the thenar and hypothenar eminences are wasted. 

The deep reflexes are nones in theleft arm. The right arm shows no weakness 
or wasting. 

Both lower limbs are spastic, right more 80 than the left. The knee and 
ankle jerks are ане and ankle clonus is present Both plantar reflexes 
are extensor. 

There іє loss of tactile sensibility over the outer side of the right leg only. 
Pain sense is lost over both arms and both shoulders, and is impaired all down 
thé right side of the trunk and over the whole of the right lower limb; on the 
left side of the body there is a similar impairment down to the lower border of 
‘the fourth dorsal segment:both in front and behind. d 
` Recognition of heat is completely lost over thé whole of the right half of 
the body except the face, and over the | left arm and left side of the trunk down 
to the level of the tenth dorsal segment. "Loss of recognition of cold corre- 
sponds кшз: exactly in its FAUNE to the impairment: of sensibility 
to pain. E 


(14) Case for Dees 
: By Dr. C. M. HINDS HOWELL. 


G. 8., In October, 1922, eight weeks before admission to hospital, patient's. 
legs became weak while he was out walking; for about a week before that he 
had been losing the grip in the left hand and the left arm used to hang limply. - 
Since the day when his legs gave way he has become steadily weaker and he X 
has been aware of flickering in the muscles of his.thighs. Since admission the ' 
right arm has become weak and he has become incontinent of urine and fæces. 
His neck has become stiff and it is painful when moved. І - Ў 

' Examination: Left pupil slightly smaller than right. Fibrillation present . 
in tongue. Complete flaccid palsy of left arm. ` Right arm becoming rapidly 
"weaker. Abdominal and chest muscles weak; diaphragm does not seem to 
be acting. Left lower limb weaker than right. Fibrillation in muscles 
nearly all over the body, but especially in the thighs ; wasting most pronounced 
in the muscles of the back and in the left lower limb. Sensory loss variable ; 
fairly complete in both arms, less complete on chest with a level at the angle, 
"of the sternum. Sensory loss on the lower limbs much less than on the upper ; 
right lower limb | more affected than left. Be : Kneo-jerks brisk ; plantars 
extensor. 

Most of the signs Ho by thie case suggested the diagnosis of com- 
pression of the cervical region of the cord by a tumour. But this would not 
explain the fibrillation which was present. X-rays showed erosion of the 
second cervical vertebra and some shadows suggesting an intrathoracic. 
tumour. As the condition. was rapidly progressive. he considered that it was 
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probably due to a diffuse sarcomatous or gliomatous invasion of the spinal 


cord. The cerebrospinal fluid contained 01 per cent. protein. 


DISCUSSION. C 


The PRESIDENT described a somewhat similar case with total paralysis 
and anesthesia of the right arm and partial paraplegia in which he had advised 
operation. The surgeon found no tumour, but noted no pulsations of the cord 
or dura mater. He therefore explored upwards under. the laminal arches and 
came against a resistant mass. When he tried to break through this there was 
a gush of blood which proved, post mortem, to have come from an aneurysm 
of the posterior inferior cerebellar artery. 

Dr. JAMES TAYLOR said that he had seen a similar case, which also 
presented the symptom of fibrillation of rouscles, and which proved to be 
due to gliomatosis of the cord. 

Dr. RIDDOCH described a case of quadriplegia with signs of spinal com- 
pression and multiple root lesions but with fow sensory alterations, due to 
sarcomatosis of the meninges. The cerebrospinal fluid in this case was yellow, 
very highly albuminous and contained many tumour cells, some of which 
showed mitotic figures. - 

(15) Case of Disseminated Sclerosis. ^ 


By Dr. W. ALDREN- TURNER. 


a. W., aged 35. About one and a half years ago patient began to be 
troubled with a trembling of the right arm, becoming more marked when he 
used the arm; this tremor has gradually become coarser. About the time 
the tremor commenced patient’s gait became somewhat unsteady. Fifteen 
months ago his speech became jerky and has got steadily worse up to the 
present. Four years ago patient fell off a bicycle, striking his head and 
bruising his right elbow. 

Examination: Discs normal. Pupils: unequal, left greater than right, 
regular, slightly eccentric, some retraction of eyelids, react normally. External 
. ocular movements good, no nystagmus, squint or diplopia. Movements of 
face, palate and tongue. normal. Numbness in both hands. No demonstrable 
loss to pinprick or cotton wool. Sense of position in space and localization 
of touch normal. No astereognosis. Violent intention tremor of the right 
arm,,so great that if shakes the whole body. The tremor is not purely 
intentional, for it is sometimes present mildly in the shoulder during rest. 
The left arm shows a slight tremor of the intention type. There is no loss 
of power or limitation of movement. Arm-jerks: equal on the two sides; 
biceps-jerk not obtained. Right knee and ankle jerks greater than left. No 
ankle clonus. Abdominals: present and equal on the two sides. Plantars: 
both flexor. Gross ataxia of gait: the arms, especially the right, make large 
movements which react on the whole body. No Rombergism. Wassermann 
reaction negative. The cerebrospinal fluid is normal except that it gives a 
“ paretio ” curve with the Lange test. 


` 
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Progress: Little change noticed in arms, though patient feels that the 
tremor of the right arm now involves the shoulder more. ‘Both legs are | 
affected by tremor and the left is “now rather worse than the right. 

7 

| À БОГО; ` u 
_ Dr. SYMONDS said that he had noiióed in the history of this case that the | 
patient had bad an illness called “ : influenza ” six months before the onset of 
the tremor.’ ‘He considered it. possible that this was really a mild attack of 
encephalitis lethargica. He had seen involuntary movements follow an 
attack of encephalitis lethargica so mild as not to keep the patient in 
bed: Hehad observed Lange reactions of the “ paretic " type in the cerebro- 
spinal fluid of two cases of encephalitis lethargica. : 

Dr. RIDDOCH was inclined to agree with Dr. Symonds in considering that 
this case was due to encephalitis lethargica. The steady onset of symptoms . 
without any remission ‘was unlike ' disseminated sclerosis. He had often 
noticed similar gross dnvoluntery movements come on gradually after 
encephalitis lethargica. ` ; 
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(6) Case of laor Affection of the 7, 9, ‘10, 11, and 12 Cranial ‘Nerves. 
; Р By Dr. С. Р. SYMONDS. 


Miss T., aged 30. In July, 1919, she. had some teeth extracted. ` Shortly 
afterwards she noticed a discharge’ from her left ear, for which she did not ` 
consult a dootor. This was followed. by gradually increasing deafness in the | 
left ear. In March, 1920, she first noticed, hoarseness which pfevented her 
singing. . About the same time she began to experience pain in the left shoulder 
and found that this ocourred especially when she attempted to carry heavy 
objects in the left hand. In the summer of 1991 her voice improved, so that 
she was again able to recite, though singing was still impossible. · The pain in 
_ the left shoulder was also less noticeable. During the last year the voice has | 
again become hoarser, and the trouble in carrying things with the left arm has 
' increased. She has also occasionally noticed some difficulty in swallowing. 
In October, 1922, for the first time she had a brief attack of left facial spasm. 
In this the aye closed and the whole side of the face was screwed up. Since 
jthen she has had several such attacks. ° 

On examination the positive findings are: Left-sided conduction deafness, 
together with a fleshy mass obscuring the membrana tympani, probably a 
polyp. A fragment has been removed for microscopical examination, which 
shows it to be a capillary angeioma. Left facial palsy of peripheral type. 
- Paresis of the left vocal cord and left side of the palate. Weakness and 
wasting of the left sternomastoid and trapezius. Atrophic palsy of the left 
side of the tongue. Wassermann negative i in blood. A: -ray of head and upper 
cervical spine negative. E E a 
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. (17) Case of Unilateral Affection of Oranial Nerves 9 to 12 (Tapia's 
‚ Syndrome) associated with Chronic Otatis Media, 


“By Dr. O. P. SYMONDS. 


“Miss C., aged 35. She'has suffered from bilateral е А from time to 
time since childhood” She had tonsillitis at the'age of 28, is subject to head- 
aches, and has attended Guy’s Hospital for constipation. In February, 1921, 
she first noticed hoarseness, and was referred from the medical to the throat 
department.. It was there observed that the left vocal cord was paralysed. 
When ‘seen a few days later the positive findings were: Paralysis of left vocal 
cord and weakness of left side of soft palate. Weakness and wasting of left 
sternomastoid and trapezius. Atrophic palsy of the left half of the tongue. 
Evidence of old-standing otitis media on both sides with a moderate degree of 
conduction deafness. ` The blood: Wassermann was negative. X-ray of the 
head and of the upper cervical spine showed no abnormality. 

Under observation this patient has shown little change during the past 
two years except for the tendency of the hoarseness to diminish. 


Discussion (Cases 16 and 17). 


The PRESIDENT considered Dr. Symonds’s cases to be similar to those 
described in textbooks as -‘ polyneuritis oranialis,” the causation of which had 
been traced in some cases to otitis media. ` 

Dr. OOLLIER said that he had followed seven similar cases to autopsy, and 
in every case osteomyelitis of the base of the skull had been found. In one the 
disease had followed a bullet wound of the cranium; in another a tubercular 
osteomyelitis of the basi-sphenoid, and in the: remainder ear disease was the 
cause. The appearance seen in the posterior fossa at autopsy was a plum- 
coloured cushion of raised and thickened dura mater with disintegration of the 
underlying bone. In every case the causative organism was à streptococcus. 
The long duration and the absence of pyrexia were remarkable. In one case 
there was: no clinical evidence of otitis media, although the autopsy proved 
that this had existed. He placed no reliance on X-ray evidence in this con- 
ditión, as it was very difficult to get satisfactory radiograms of the posterior 
cranial fossa. The cause of death in his cases had been lepto-meningitis in 
every case except the tubercular one, in which the carotid artery was eroded, 
and burst into the pharynx. One case had developed a hemiplegia, which was 
found to be due to thrombosis of the superficial veins of the brain. Replying 
to a question by Dr. SYMONDS whether the operative findings in Case 16 were 
not against ‚his conception of the disease, Dr. COLLIER replied that in two 
“cases following ear disease autopsy showed that the mastoid region was 
healthy, but that the infection had spread through the apex of the petrous 
bone. 
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Nerve Exhaustion, By Maurice Оваа, CBE. M.D., F.R.C.P. 
Pp.448. London: Churchill. 1922. 


This small volume is intended as a guide to the treatment of nervous 
exhaustion, under which term the author includes a large number of morbid 
“conditions, arising from many different causes; these are considered in detail. 
He treats very shortly of emotional shock, over-work, worry, and touches on 
physical states, such as puerperium and lactation, which lead to exhaustion, 
These various symptoms are attributed for the most part to " hypersensi- ` 
tivity,” congenital or acquired, on which the author lays great stress. А 
chapter is devoted to sleeplessness, and the final section to treatment in 
general. The book is intended for the general practitioner, who i8 anxious to 
learn in simple language the means at his disposal for dealing with this aspect 
of the functional psychoneuroses.’ 


Etudes Neurologiques. . By Gonak GUILLAIN. Pp. 469. Paris: 
Masson et Cie. 1922. Price, 25 francs. 


"The author has reprinted in this volume all ога earlier papers in which 
he has brought forward any new facts related to the symptomatology and 
‘pathogenesis of nervous disorders. He has arranged them, not in chronolo- 
gical order, but in separate chapters according to the main subject with which 
they are concerned. The titles of these chapters reveal his wide interest and 
the valuable work he has done; the most important are: The fixation of 
poisons in the nervous system, pathology of the brain, pathology of the spinal 
cord, syphilis of the nervous system and tabes, muscular atrophies, changes in 
the cerebrospinal fluid, lethargic encephalitis and intoxications. 

Many of the papers included are, it is true, only short communications 
originally published in various medical journals, and some perhaps are no 

“longer of great interest or importance. But several of them at least have a real 

value; and the majority are certainly worth collecting together in-a more per- 
‘manent and easily accessible form. This is largely due to the fact that 
Guillain’s interests have been mainly in the pathological and anatomical 
aspects of disease, and that his conclusions, as well as his hypotheses when Һө 
ventures on such, are solidly based on direct evidence of structural change. In 
fact in his introduction to this volume he insists that the anatomy and physio- 
logy of the nervous system must be the basis of any advance in knowledge 
which we can hope to attain, and that in the study of neuropathology all the 
modern methods of biology, bacteriology, chemistry, and physics must be 
applied. A worker who has been guided by these principles must almost 
necessarily have valuable results to offer his readers. ` 
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Multiple Sclerosis RER Sclerosis): An Investigation by the 
Association for Research m Nervous and Mental Diseases. 
Pp. 241. New York: Hoeber, 1922. 


The Second Annual Meeting of the American Association for Research in 
Nervous and Mental Diseases, which was held in New York in December, 
1921, was devoted to a discussion on the etiology, pathology, symptomatology, 
differential diagnosis and treatment of disseminated sclerosis. The proceedings 
and conclusions of the commission are recorded in this volüme, which consti- 
tutes a valuable contribution to our knowledge of this disease. 

' All the possible factors in the’ pathogenesis of the disease are discussed; 
Several pages are even devoted to the hypothesis put forward by Jolliffe that 
as unconscious emotional factors are known to be under greater tension and 
more constantly operative than conscious ones which can produce somatio altera- 
tions, they may excite exudate phenomena in the blood-vessels of the nervous 
pathways intimately related to the function under repression; and therefore 
produce the characteristic lesions of disseminated sclerosis. But most of the 
papers and discussions are distinguished by a practical common sense. The 
sections on the vestibular and ocular manifestations of the disease are 
particularly interesting, and the negative results of Teague’s prolonged research 
on its possible bacterial or protozoal origin are important in view of the recent 
repeated discoveries of causal micro-organisms. The chapters on the 
pathology of multiple sclerosis and on the changes that ocour in the 
axis-cylinders are particularly complete. 

The volume ends with a very comprehensive bibliography which, together 
with the statistical information collected in it, will prove extremely useful to 
all who wish to study the disease. . 


Der extrapyramidale Symptomenkomplex (das dystonische Syndrom) 
und seine Bedeutung in der Neurologie. By Professor G. STERTZ. 
— 8.96. Berlin: 8. Karger, 1921. Price 18 Marks. 


This small monograph is devoted to those affections of the nervous system 
the most pronounced characteristics of which are disturbances in the 
functions of the motor system, and especially abnormalities of tone, 
unassociated with symptoms of, affection of the cortico-spinal system. The 
clinical conditions included are progressive lentioular degeneration, pseudo- 
sclerosis, paralysis agitans, double athetosis, torsion spasm, spastic athetosis, 
choreic movements and myoclonia. In the second section the relations of the 
functional disturbances produced by non-systemic diseases of the basal 
ganglia, as arterio-sclerosis, disseminated sclerosis, tumour, encephalitis and 
poisons are considered; and the final chapter is devoted to a careful analysis 
of the pathology and physiology of the so-called extra-pyramidal systems. 
This is probably the section which will excite most interest, as subjects 
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claiming more and more importance in neurglogy are clearly and systematically 
dealt with in it. Unfortunately the author's style makes the reading of it 
difficult. ; . 


Beiträge zur Entwicklungsgeschichte des menschlichen Gehirns. Teil 2, 
Leiferung 1. Die Entwicklung der Zirbeldrüse. von Professor 
Е. HocEsTETTER. 8.45 Mit6 Abbildungen im Text under 4 
Tafeln. Wien und Leipzig: Deuticke, 1928. Price 10 Marks. 


In this monograph, which is devoted to the development of the pineal gland 
in man and other mammals, Hochstetter has recommenced the issue of his 
valuable contributions to the embryology of the brain. 

Certain features of disease of the pineal body have lately attracted 
considerable attention and consequently even to clinicians this monograph, in 
which many. points on the origin and development of the gland are cleared up, 
offers some interest. It is, for instance, important that at one stage of 
growth the cells of its anterior lobe have an acinous or gland-like arrangement, 
suggesting a potential secretory function, which though not visible in the later 
stages of development may be reproduced in growths originating from these 
cells, 

The plates by which the work is illustrated are extremely well reproduced, 
and make it possible to follow the descriptions of the text with ease. 
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